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NOTICE

This report has been prepared by the Air Force for the purpose of aiding
study and research. Itis not to be used for promotional or advertising
purposes and does not constitute an endorsement of any product. The
views expressed herein are those of the author/reviewer and do not
necessarily reflect the official views of the publishing agency, the United
States Air Force or the Department of Defense.



ABSTRACT

This report presents the results of particulate emission testing
done on a single oil fired steam boiler at Bolling AFB, Washington DC.
Testing was done at three different heat input loadings as requested
by the Washington District Commission. Particulate emissions varied
from 0.055 pounds/Million British Thermal Units (lbs/MBTU) to 0.080
lbs/MBTU. The unit was found to be in compliance with District of
Columbia standards which ranged from 0.072 lbs/MBTU to 0.086 lbs/MBTU.
Emission data are compared with Environmental Protection Agency (EPA)
published emission factors for similar units.
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SECTION I
INTRODUCTION

1. Background: The Central Heating Plant, Building 18 at Bolling
AFB, presently contains two steam boilers. In June 1974, both of these
boilers were emission tested by Particle Data Laboratories, Ltd., of
Elmhurst, Illinois (Appendix D) and found to be in violation of Washington
DC particulate emission standards. During these tests the boilers were
utilizing #6 fuel oil. In March 1975, the Bolling Civil Engineer approved
a modified plan which would replace the existing steam boilers with hot
water generators and steam converters. As of May 1975, two hot water
generators were installed, the third should be installed by November
1976. During the interim, one of the old boilers will be needed to provide
sufficient steam. District of Columbia representatives suggested that
base personnel convert this steam boiler to #4 fuel oil in lieu of #6 and
retest it to determine if this change would produce emissions which

would meet present District environmental standards. In May 1975,

at the request of the DCS/Civil Engineering, Headquarters Command
USAF, Bolling AFB, the boiler was retested by USAF Environmental
Health Laboratory, McClellan AFB (USAFEHL-M) personnel.

Z. Purpose: The primary purpose of this study was to test compliance
of this unit with Washington DC particulate emission standards.

3. Personnel:
a. USAFEHL-M Survey Personnel:

(1) Maj Ronald D. Burnett, Chief, Occupational Safety & Health
Engineering Division.

(2) Capt Marlin L. Sweigart, Project Engineer, Autovon 633-3070.
(3) Sgt William Conway, Environmental Health Technician.
(4) Airman Steven Brennan, Environmental Health Technician.

b. Bolling AFB Personnel Contacted: )

(1) Col Thayer W. Allison, Base Civil Engineer.

(2) . Mr Jeff Peck, Project Officer, Base Civil Engineer, Autovon
297-4456,



(3) MSgt Russel Lichnovsky, Central Base Heating Plant
Manager.

SECTION II
UNIT DESCRIPTION AND OPERATION

The unit tested is the #5 steam boiler in the Central Base Heating
Plant. The boiler was manufactured by Titusville in 1941. Rated output
capacity is 35,810 pounds of steam per hour, and rated heat input
capacity was calculated at 44 MBTU/hr. It has a rotary cup fuel injec-
tion system and utilizes an induced draft fan. The fan is a constant
speed 40 HP unit running at 1175 RPM. The unit contains no particulate
collection devices. Figure 1 shows the general dimensions of the stack.

SECTION III
SAMPLING METHOD AND PROCEDURES
1. General:
a. Except for deviations specified below, EPA methods and procedures
given in the Appendix to Title 40, Code of Federal Regulations, Part 60

(40 CFR 60) for performance testing of new stationary sources were used
to test the boiler (Appendix A).

b. The EPA sampling methods are not listed as approved methods
of stationary particulate sampling in District of Columbia regulations.
However, the District Commission requested the use of EPA methods and
procedures in this test.

2. Deviations:

a. Because of the large stack diameter and nearness of an upstream
disturbance, 40 CFR 60 speciiied a 36 point traverse. Two preliminary
traverses were run; one with 36 points and one with 12 points. A com-
parison of these profiles indicated that an unbiased sample could be
collected by sampling only 12 points. Therefore, 12 points were sampled
at 10 minutes per point in each of the six runs.

b. A preliminary moisture determination was not done. Instead,
a dry gas fraction of 0.95 was assumed to establish isokinetic sampling

2
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conditions on the first run. The actual moisture content ot the stack gas
was determined from water collected during this run and this value was
used in the next run to establish isokinetic conditions. This procedure
was followed at each of the three input loadings. Moisture contents com-
puted for the runs were used in all final calculations including verifica-
tion of isokinetic sampling.

c. Asrequested by the District Commission, two sampling runs
were made at each of three different boiler loads (Ref. 3). These
loads were classified as low, nominal and high input (maximum operating)
capacities. The actual particulate emissions were computed as the average
of the two runs at each loading.

3. {\dditional Procedures:

a. Carbon dioxide (CO,), and oxygen (02) gas readings were
taken with an Orsat Analyzer. A minimum of four readings were taken
during each run. The average of these readings was used in all calcula-
tiuns. An initial carbon monoxide (CO) reading indicated an insigni-
ficant amount of CO in the stack gas.

b. Burner fuel flow readings were recorded every 15 minutes and
the average flow was used in calculating the total fuel used during each
test.

c. Data were reduced in accordance with procedures found in
40 CFR 60. Only reduced data are presented in the main report. Raw
data for the six particulate runs are presented in Appendix C. All
calculations were done on a Hewlett-Packard 9810A Programmable
Calculator .

SECTION IV
APPLICABLE EMISSION STANDARDS

District of Columbia pariiculate emission standards are found in
District regulations, Section 8-2: 708, Fuel Burning Particulate Emission
(Appeadix B). Allowable emissions for installations with a total heat
input oetween 3.5 and 10,000 MBTU/hr are deiermined by the equation
E =0.17455 H™0-23522 yhere E equals particulate emissions in 1bs/MBTU
and H equals the total heat input in MBTU/hr. For a 20 MBTU/hr boiler
the allowable particulate emissions are 0.086 lbs/MBTU. The specific
allowable particulate emissions at each of the heat input loadings tested
are discussed in Section VI,



SECTION V
RESULTS

1. Sampling Parameters: The reduced data from the six sampling runs
are presented in Table I. The CO, and O, analyses were done with an
Orsat instrument. As the data in Table I indicate, the stack tempera-
ture, flow, and moisture content all increased as the boiler operating
level increased. In runs five and six the boiler was operating at its
maximum capacity. All runs were done within 10% of isokinetic condi-
tions as specified by 40 CFR 60. The percent by volume of excess air
decreased considerably when the operating level was increased. This
was expected since the induced draft fan is a constant speed type.

2. Particulate Data: Particulate emission data from the six tests are
presented in Table II. Runs two and four were the low boiler loading
tests, runs one and three were the nominal boiler loading runs and runs
five and six were the high boiler loading tests. As the data in Table II
indicate, the difference between the low and nominal input loadings was
very small. One low run, run number four, was conducted while the
boiler was in single burner operation.

SECTION VI
DISCUSSION

1. Actual Emissions: The averages of the runs conducted at each of
the three input capacity loadings were below the maximum allowable
District of Columbia particulate emission standards. The emissions

in 1bs/MBTU were lowest when the boiler was operating at its highest
input capacity. At the lower loadings, the emissions approached the
standard but were still within compliance. The lower particulate emis-
sions in pounds/MBTU at the higher loadings was typical since boilers
generally operate more efficiently near their maximum loading capacity.

2. Emission Factors: The average particulate emissions at each of

the three loadings in pounds of particulate per 1000 gallons (lbs/10 3

gal) of fuel burned were computed. The low loading tests emitted 11.2
lIbs/10 3 gal, the nominal loadings 12.2 1bs/10 3 gal and the high loadings
7.91 Ibs/10 3 gal of fuel. The BTU content of the #4 fuel oil blend burned
was 143,000 BTU/gallon as specified by Stuart Petroleum of Washington
DC, the iuel supplier (Ref. 5). The emission factor published by the

5
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Environmental Protection Agency for a unit of comparable size burning
a fuel with a similar BTU/gal content is 17 1bs/10 3 gal (Ref. 6). The
emissions collected were probably lower than the EPA factors because
the tested unit utilizes a rotary cup fuel injection system. These units
are very efficient especially at high capacity loadings. The EPA figure
is calculated to include all types of industrial and commercial units and
is a slightly high estimate for units with rotary cup combustion systems.
The data therefore compare favorably with EPA emission factors and
also with previous USAFEHL-M data from emission tests of similar units
(Ref. 7 § 8).

3 Particulate Reduction: Particulate emission testing conducted by
Particle Data Laboratories of Elmhurst, Illinois prior to the change
from #6 to #4 fuel oil showed average emissions of 0.175 Ibs/MBTU on
the #5 boiler. These tests were conducted while the boiler was oper-
ating at very low input heat loadings of from 15.123 MBTU/hr to 16.940
BTU/hr. After the boiler was cleaned and the fuel oil was changed from
#6 to #4, emissions decreased to an average of 0.078 1bs/MBTU for
testing done at input heat loadings of approximately 21 MBTU/hr. The
cowbination of cleaning, fuel conversion, and a slightly higher test
loading produced a 45% decrease in boiler particulate emissions. EPA
estimates that fuel conversion alone could reduce emissions as much as
35% (Ref. 4).

SECTION VII
CONCLUSIONS AND RECOMMENDATIONS
1. Conclusions: The conversion from #6 to #4 fuel oil in conjunction

with the thorough cleaning of boiler #5 produced particulate emissions
which do not violate current District of Columbia standards.

2. Recommendations:

a. Continued use of #4 fuel oil in boiler #5.

b. Continued cleaning and timely maintenance practices on boiler

#5.
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App. A

in terms of either Rpv (metric units: mg
dry sludge/liter sludge charged or Eng-

lish units: 1b/ft*) or Rux (metric units:

mg dry sludge/mg sludge charged or

English units: 1b/1b) .

Sp=(60X10-3)
or

Rov8
T
RpvSv

Title 40—Protection of Environment

(3) Determine the quantity of dry
sludge per unit sludge charged in terms
of either Rur or Roy.

(i) If the volume of sludge charged is
used:

2Y (Matrc Units)

Sp=(8.021) =i (English Units)

whera:

Sp=average dry sludge charglng rate during tha run, kg/hr (English units: ib/hr).
Rpv=avorage quan;tity of dry sludge per unit volume of sludge charged to the inclnerator, mg/1 (English

Sy=siudge c'hu.rged' to tha lncinerator during tha run, m? (English units: gal).

T=duration of run, min (English units: min).

60X10-3=matric units converslon factor, 1- g-mln/m’-mg-hr.

8.021=English units convarslon factor, (t

(il) If the mass of sludge charged is used:

RpuSu

'min/gal-hr.

Sp=(60) -5 (Metric or English Units)

vrhere:

Sp=average dry slndge charging rate during the run, kg/hr (English units: 1b/hr).
Rpwu=average ratlo of quantity of dry sludga to quantity of sludge charged to the incinerator, mg/mg (English

units: 1b/ib).

Sn=sludge charged during the run, kg (English units: ib).

T=duration of run, min (Metrdc or English units).

60=converslon factor, min/hr (Matric or English units).
(d) Particulate emission rate shall be determined by:
Cow=C.Q, (Metric or English Units)

where ¢

C.-=particulate matter mass amissions, mg/hr (English units: Ib/hr).
C.=particulate matter concentration, mg/m? (Foglish units: Ih/dsef).
Q.= volumetric stuck pns llow rate, dsem/hr (English nnits: dscf/hr). Q. and C, shall bo determined using Methods

2 and 5, respactively.

(e) Compliance with § 60.152(a) shall be determined as follows:

Caw

Cae=(10-3)_"= (Metrle Units)
Sp

Cde= (2000)

whera:

Caw
Sp

(English Units)

Cas= particulate emission dischurge, g/kg dry sludge (English units: ib/ton dry sludge).

10-3== Motric conversion factor, g/mg.
2€30=English conversion factor, {b/ton.

[39 FR 9319, Mar. 8, 1974; 39 FR 13776, Apr. 17, 1974; 39 FR 15396, May 3, 1974]

APPENDIX A—REFERENCE METHODS

METHOD 1-—SAMPLE AND VELOCITY TRAVERSIS
FOR STATIONARY SOURCES

1. Principle and Applicability.

1.1 Principle. A sampling site and the
number of traverse points are selected to aid
in the extraction of & representative sample.

1.2 Applicabllity. This method should
be applied only when specified by the test
procedures for determining compliance with
the New Source Performance Standards. Un-
les3 otharwlse specified, this method is not
tntended to apply to gas straamns other than
those emitted directly to the atmosphere
without fusther processing.

2. Procedure.

2.1 Selectlon of a sampling site and mini-
mum nuniber of traverse points,

2.1.1 Select a sampling site that is at least
elght stack or duct diameters downstream
and two dlameters upstream from any flow
disturbance such as a bend, expansion, con-
traction, or visible flame. For rectangular
cross section. determlne an equivalent dlam-
eter from the following equation:

. . (length) (width)

vale lame r=2< B e T T T o
equivalent diamete fength + widih

equation 1-1

2.1.2 When the above sampling site
critrria can be met, the minimum number
of traverse poluts 15 twelve (12).

2.1.3 Some sampling situatlons render the
ahove sampling slte criterla lmpracticel.
When this {s the case, choose a convenlent
sampllng tocation and use Figurc 1-1 to de-

[T W Ty




Chapter [—Environmental Protection Agency

termine the minlmum number of traverse
polnts. Under no condltlons should a sam-
pling point be selected within 1 lnch of the
stack wall. To obtaln the number of traverse
polnts for stacks or ducts with a dlameter
less than 2 feet, multiply the number of
polnts obtalned from Figure 1-1 by 0.67.
2.1.4 To use Flgure 1-1 first measure the
distance from the chosen sampling location
to the nearest upstream and downstream dis-
turbances. Determine the corresponding
number of traverse polnts for each distance

App. A

from Figure 1-1. Select the higher of the
two numbers of traverse points, or a greater
value, such that for circutar stacks the num-
ber 1s a multiple of 4, and for rectangular
stacks the number follows the criterla of
section 2.2.2.

22 Cross-sectional layout and location of
traverse polnts.

2.2.1 For clrcular stacks locate the tra-
verse polnts on at least two dlameters ac-
cording to Figure 1-2 and Table 1-1. The
traverse axes shall dlvide the stack cross
scction tnto equal parts.

8 NUMBER OF DUCT D!IAMETERS UPSTREAM-
{DISTANCE A}
05 1.0 15 20 25
50 . =

MINIMUM NUMBER OF TRAVERSE POINTS

| ¥ I i

- DISTURBANCE

L. SAMPLING
[ SITE

k[llSTURBANCE

10k “FROM POINT OF ANY TYPE OF 7
DISTURBANCE (BEND. EXPANSION. CONTRACTION. £7C.)
| 1 |
0 . .
2 3 4 5 6 7 3 9 10

NUMBER OF DUCT DIAMETERS DOWNSTREAM"

(DISTANCE B)

Figure 1-1. Minimum number of travarse points.




App. A Tile 40—Protection of Environment
]

Figure 1-2. Cross section of circular stack divided into 12 equal
areas. showing tocation of traverse points at centroid of each area.
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Figure 1-3. Cross section of rectangular stack divided into 12 equal
areas, with traverse points at centroid of each area.
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Chapter I—Envirdnmental Protection Agency

Table 1-1,

Location of traverse points in circular stacks

(Percent of stack diameter from inside wall to traverse point)

Traverse
point
ngﬁb:r Nuinber of traverse points on a diameter
diameter | 2 4 6 8 10 12 14 16 18 20 22 24
] 14,6y 6.7 4.4 3.3| 2.5 2.1 | 1.8] 1.6} 1.4] 1.31 1.0} 1
2 85.4125.0(14.7110.5| 8.2{ 6.7 | 5.7 4.9 4.4| 3.9] 3.5{.3.2
3 75.0129.5119.4114.6;11.8| 9.9 8.5} 7.5| 6.7] 6.0 5.5
4 93.3|70.5(32.3|22.6{17.7 [14.6{12.5[10.9| 9.7 | 8.7} 7.9
5 85.3]67.7|34.2425.0(20.1]16.9{14.6[12.9|11.6{10.5
6 95.6|80.6 | 65.8 35.5(26.922.0118.8}16.5]14.6]13.2
7 89.5(77.4164.5|36.6]28.3123.6]20.4118.0}16.1
8 96.7 | 85.4| 75.0 [ 63.4 37.5] 29.6] 25.0 | 21.8 }19.4
9 91.8|82.3|73.1 62.5(38.2]30.6]26.1)23.0
10 97.5188.2179.9171.7|61.8138.81{31.5]27.2
1 3.3 |85.478.0]70.4}61.239.3]32.3
12 97.9 |1 90.1 | 83.1]76.4]|69.460.7 |39.8
13 94.3187.5(81.2)75.0|68.5}60.2
14 98.2191.5]85.4]79.6{73.9|67.7
15 95.1(89.1]83.5(78.2(72.8
16 98.4192.5187.1 182.0177.0
17 95.61 90.3 | 85.4 {80.6
18 98.6| 93.3 | 88.4 (83.9
19 96.1 [ 91.3 {€6.8
20 98.7 | 94.0 | 89.5
21 96.5 192.1
22 98.9 [ 94.5
23 95.8
26 98.9

2.2.2 For reetanguiar staeks dlvide the
cross scctlon into as many equal reetangular
areas as traverse points. sueh that the ratlo
of the length to the wldth of the eleinental
arcas ls between one and two. Locate the
traverse points nt the centrold of eaeh equal
area accordlng to Figure 1-3.

3. Refecrences.

Determinlng Dust Concentration In o Gas
Strea.n, ASME Performance Test Code #27,
New York, N.Y., 1957.

Cevorkin, Howard, et al., Alr Pollution
Sauree Testing Manual, Atir Pollution Control
District, L.os Angeies, Callt, November 1963.

Metnods for Deterimluatlon of Veloelty,
Volume, Dust and Mlist Content of Gases,
Western Preclpitation Division of Joy Manu-

facturlng Co., Lus Angeles, Callf. Bulletin
WP-50, 1968.

Standard Method for Sampling Stacks for
Partlculate Matter, In: 1971 Book of ASTM
Standards, Part 23. Phlladelpkila, Pa. 1971,
ASTM Deslgnation D-2928-71.

METHOD 2—DETERMINATION OF STACK GAS
VELOCITY AND VOLUMETRIC FLOW RATE (TYPE
S PITOT TUBE)

1. Principle and applicability.

1.1 Principle. Staeck gas veloelty 1s deter-
mined from the gas density and from meas-
ursinent of the vetocity head using a Type S
(Stausehelbe or reverse type) pitot tube.

1.2 Apptleabllity. This method should be
applied only whea specified by the test pro-

App. A




App. A Tile 40—Protection of Environment

codures for determining compiiance with the
New Source Performance Standards.

2. Apparatus,

2.1 Pitot tube—Type S8 (Figure 2-1), or
equlvalent, with e coefficlent within +5%
over the working range. -

22 Differential pressure gauge-—Inciined
manometer, or equivalent, to measure veloc-
ity head to witbhin 10% of the minimum
value,

23 Temperature gauge—Thermocouple or
equivalent attached to the pitot tube to
measure stack temperature to within 1.6% of
the minimum absolute stack temperature.

24 Pressure gauge—Mercury-filled U-tube
manometer, or equivalent, to measure stack
pressure to within 0.1 in. Hg.

PIPE COUPLING

2.5 Barometer—To measure atmospheric
pressure to within 0.1 in. Hg.

2.6 Gas analyzer—To anelyze gas composi-
tion for determining moiecular weight.

27 Pitot tube—Standard type, to call-
brate Type S pltot tube.

3. Procedure.

3.1 Set up the apparatus as shown in Fig-
ure 2-1, Make sure all connections are tight
and leak free. Measure the velocity head and
temperature at the traverse points specified
by Method 1.

3.2 Measure the static pressure in the
steck.

3.3 Determine the stack gas molecular
weight by gas analysls and appropriate cal-
culations as indicated in Method 3.

TUBING ADAPTER

N :

. 3 &
> . 34

TYPE S PITOT TUBE/

'Flgure 2-1. Pitot tube-manometer assembly.

MANOMETER

e =

C
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4. Calibration.

4.1 To callbrate the pitot tube, measure
the velocity head at some polnt in a flowing
gas stream with both a Type S pitot tube and
a standard type pitot tube with known co-
efficlent. Calibration should be done in the
{aboratory and the velocity of the flowling gas
stream should be varled over the normal
working range. It Is recommended that the
callbration be repeated after use at each fleld
site,

42 Calculate the pltot tube coefliclent
using equatlon 2-1.

Cornus™=C APsid.
Prost” TPty ADrew: equation 2-1

where:

Cyp,,,, =Pltot tube coemclent of Type S
pitot tube.

Cr,a=Pltot tube coefliclent of standard
type pitot tube (If unknown, use
0.99).

Apsa= Veloclty head measured by stand-
ard type pitot tube.

Aptrest= Veloclty head measured by Type S

pitot tube.

43 Compare the coefliclents of the Type S
pitot tube determined first with one leg and
then the other polnted downstream. Use the
pitot tube only if the two coemclents differ by
no more than 0.01,

6. Calculations,

Use equation 2-2 to calculate the stack gas
veloclity.

(v, ).,.—hc(r)_',m

Equation 2-2
where:
(Ve)ave.=Stack gas velocity, feet per second {{.p.s.).

be] ;
Kp=ssn (m ml&,n) when these units
el'eus

C, =Pitot tube coefficient, dimenslonless.
(T.)....-A:‘E{ege absolute stack gas temperatuse,

App. A

(\/Ap)..._-Average va!oclty head of stack gas, inches
H10 (se0 Fig. 2-2).
P,=Absolute stack gas Frcssure. {nches Hg.
M,= Moleculm- “ell,h! of stack gas (wet basis)
b.fib.-mole.
Md(1~Buwos)+18Bys
Ma=Dry molecular weight of stack gas (lrom
Method 3).
Bws=Proportion by vniume of waler vapor in
the gas stream (from Method 4).

Figure 2-2 shows a sample recording sheet
for veloclity traverse data. Use the averages
in the last two columns of Figure 2-2 to de~
termine the average stack gas velocity from
Equatlon 2-2.

Use Equation 2-3 to calculate the suck
gas volumetric flow rate.

Q.=3600 (1-B.,)V, A((T )_,,) (P.m)
Equation 2-3

where:
Q.=Volumatric flow rate, dry basts, standard cond}-
tlons, ft.%hr.
A = Cross-sactional area of stack, f1.?
T..a-At;ggluIt‘e temperature ut standard conditions

Pua=Absolute pressure et standard conditions, 29.92
inches Hg
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PLANT

DATE

RUN NO.

STACK DIAMETER., in.

BAROMETRIC PRESSURE. in. Hg.

STATIC PRESSURE IN STACK (Pg ), in. Hg.

OPERATORS

SCHEMATIC OF STACK
CROSS SECTION

: Velocity head, Stack Temperature
Traverse point A o °
number in. H0 Ap (). °F
AVERAGE:

Figure 2-2. Velocily traverse data.
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METHOD 3—GAS ANALYSIS FOR CARBON DIOXIDE,
EXCESS AIR, AND DRY MOLECULAR WEIGHT

1. Principle and cepplicadbility.

1.1 Priuciple. An integrated or grab ges
sample is extracted from & sampling polnt
and analyzed for its components uslug an
Orsat enalyzer. .

1.2 Appticability. Thls method should be
applied only when specified by the test pro-
cedures for determtning compliance with the
New Source Performance Standards. The test
procedure witt Indicate whether a grab saca-
ple or an integrated sample 1s to be used.

2. Apparatus.

2.1 Grab sample (Figure 3-1).

2.1.1 Probe—Stalnless steel or Pyrex!
glass, equipped with a filter to remove partic-
ulate matter.

2.1.2 Pump—One-way squeeze bulb, or
equivalent, to transport gas sample to
analyzer.

22 Integrated sample (Figure 3-2).

7!OBE
—
FILTEéLASS wooL)

App. A

22.1 Probe—Stalnless steel or Pyrex!
glass, equlpped with s fliter to remove par-
ticulate matter,

2.2.2 Arr-cooled condenser or equivalent—
To remove any excess molsture.

2,23 Needle valve—To adjust flow rate

2.2.4 Pump-—Leak-free, diaphragm typs,
or equivalent, to pull gas.

2.25 Rate meter—To measure a flow
range from 0 to 0.035 cfm.

2.2.6 Flexible bag—Tedlar,! or equivalent,
with a capacity of 2 to 3 cu. ft. Leak test the
bag in the laboratory before using.

2,27 Pitot tube—Type 5, or equivalent,
attached to the probe so that the sampling
flow rate can be regulated proportional to
the stack gas veloclty when veloclty is vary-
lng with tlme or a sample traverse is
conducted,

2.3 Analysts.

2.3.1 Orsat analyzer, or equlvalent.

! Trade name.

FLEXIBLE TUBING
TO ANALYZER

SQUEEZE 8ULB

Figure 3-1. Grab-sampling train.

VALVE

AIR-COOLED CONDENSER

PROBE

RIGID CONTAINER

QUICK DISCONNECT

/

Figure 3-2, Integrated 9as - sampling train.
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8. Procedurs.

3.1 Grab sampling.

3.1.1 Set up the equipment as shown in
Figure 3—1, making sure all connections are
leak-free, Place the probe In the etack at a
sampling point end purge the sampling line.

3.1.2 Draw sample into the analyzer.

3.2 Integrated sampling.

8.2.1 Evacuate the flexible bag, Set up the
equipment as shown in Figure 3-2 with the
bag disconnected. Place the probe in the
stack and purge the sampling line, Connect
the bag, making sure that all connections are
tight and that there are no leaks,

8.22 Sample at a rate proportional to the
stack veloclty.

8.3 Analysis,

3.3.1 Determlne the CO,, O,, and CO con-
centratlons as soon as possible. Make as many
passes &s are necessary to glve constant read-
Ings, If more than ten passes are necessary,
replace the absorblng solution.

3.3.2 For grab sampling, repeat the sam-
pling and analysls untll three consecutlve
sumples vary no more than 0.5 percent by
volume for each component being analyzed.

8.3.3 For integrated sampling, repeat the
analysls of the sample until three consecu-
tlve analyses vary no more than 0.2 percent
by volume for each component belng
analyzed.

4. Calculations,

:.1 Cardbon dloxide, Average the three con-
secutlve runs and report the result to the
nearest 0.1% CO,.

4.2 Excess alr. Use Equation 8-1 to calcu-
late excess air, and average the runs, Report
the result to the nearest 0.1% excess alr.

% EA=
(% 02)—0.5(% CO)
0.264(% N3) — (% 02)+0.5(% CO)
equation 3-1

X100

where:

% EA = Percent excess alr.

% O,=Percent oxygen by volume, dry basls.

%N,=Percent nitrogen by volume, dry

bas!s.

% CO=Percent carbon monoxide by vol-

ume, dry basis.

0.264=Ratlo of oxygen to nitrogen in air

by volume.

43 Dry molecular welght. Use Equation
3-2 to calculate dry molecular welght and
averuge the runs. Report the result to the
nearest tenth.

Me==0.44( % CO,) +0.33(%O0,)
+0.28(%N,+ % CO)
equation 8-2
where:
Me=Dry molecular weight, 1b./1b-mole.
% CO:=Percent carbon dioxide by volume,

dry basis,

%0O~=Percent oxygen by volume, dry
basis.

% Nz=Percent nitrogen by volume, dry
basls.

Title 40—Protection of Environment

0.44==Molecular weight of carbon dioxide
divided by 100.

0.32=Molecular welght of oxygen divided
by 100.

0.28=Molecular welght of nltrogen and
CO divided by 100.

5. References.
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and Vapors In Plastlc Bags, Int. J. Alr &
Water Pollution, 6:75-81, 1963.

Conner, Willlam D., and J. 8. Nader, Alr
Sampling with Plastic Bags, Journal of the
American Industrial Hyglene Association,
25:201-297, May-June 1964.

Devorkin, Howard, et al., Alr Pollution
Source Testing Manual, Air Pollutlon Con-
trol District, Los Angeles, Callf,, November
1963.

METHOD 4—DETERMINATION OF MOISTURE
IN S8TACK GASES

1. Principle and applicabdility.

1.1 Principle. Molsture {s removed from
the gas stream, condensed, and determined
volumetrically.

1.2 Applicabliity. This method is appli-
cable for the determination of moisture 1n
stack gas only when specified by test pro-
cedures for determinlng compllance with New
Source Performance Standards. This method
does not apply when liquld droplets are pres-
ent In the gas stream! and the molsture 1s
subsequently used in the determination of
stack gas molecular welght,

Other methods such as drying tubes, wet
bulb-dry bulb technlques, and volumetric
condensation techniques may be used.

2. Apparatus.

2.1 Probe—Stalnless steel or Pyrex? glass
sufficlently heated to prevent condensation
and equlpped with a filter to remove particu-
late matter.

2.2 Implngers—Two mildget Iimpingera
each with 30 ml. capaclty, or equlvalent.

23 Ice bath contalner—To condense
motisture ln Impingers.

2.4 Slilica gel tube (opuional)—To protect
pump and dry gas meter.

2.6 Needle valve—To regulate gas flow
rate.

2.6 Pump—Leak-free, dlaphragm type, or
equivalent, to pull gas through traln,

27 Dry ges meter—To measure to within
19 of the total sample volume.

2.8 Rotameter—To measure a flow range
from 0 to 0.1 c.f.m.

2.9 Graduated cylinder—25 ml,

2.10 Barometer—Sufficient “to read to
within 0.1 Inch Hg.

2.11 Pitot tube—Type 8B, or equlvalent
attached to probe so that the sampliing flow

11f 1iquld droplets are present In the gas
stream, assume the stream to be saturated.
determine the average stack gas temperature
by traversing according to Method 1, and
use a psychrometric chart to obtaln an ap-
proximation of the moisture percentage.
*Trade name.
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cate can be regulated proportional to the
stack gas velocity when velocity is varying
with time or a sample traverse s conducted.

8. Procedure.

3.1 Place exactly 5 ml. distliled water in
each impinger. Assemblp the apparatus with-
out the probe ss shown In Figure 4-1. Leak
check by plugging the inlet to the first im-
pinger and drawing a vacuum. Insure that
Gow through the dry gas meter is less than
1% of the sampling rate.

3.2 Connect the probe and sample at a

vv'—

_ (Vi=Vi)pa;oRTou

App. A

constant rate of 0.076 c.f.m. or at a rate pro-
portlonal to the stack gas velocity. Continue
sampling until the dry gas meter registers 1
cuble foot or until visibie ilquld droplets are
carried over from the first impinger to the
second, Record temperature, pressure, and
dry gas meter readings as required by Figure
4-2.

3.3 After collecting the sample, measure
the volume Increase to the nearest 0.5 ml.

4. Calculations.

4.1 Volume of water vapor collected.

P,uMag,0

whore:
" Vwo=Volume of water vapor collected
(standard conditions), cu. ft.
Ve=Final volume of implnger contents,
mi

Vi=Initial volume of implnger con-
tents, ml.

R=Ideal gas constant, 21.83 inches
Hg—cu. £t./1b. mole-"R.

FILTER “ (GLASS WOOL)

SILICA GEL TUBE

3

=0.0474%L (v, — vy
ml. equation 4-1

pao=Density of water, 1 g./ml.

Tata=Absolute temperature at standard
conditlons, 630° R.

P.ta==Absolute pressure at standard con-
ditions, 29.92 inches Hg.

Ms0=Molecular weight of water, 18 1b./
1b.~mole.

3 / ROTAMETER

ICE BATH

\
DRY GAS METER

Figure 4-1. Moisture-sampling lrain,
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LOCATION COMMENTS
TEST '
DATE
OPERATOR
BAROMETRIC PRESSURE
GAS VOLUME THROUGH
METER, (Vim), ROTAMETER SETTING METER TEMPERATURE,
CLOCK TIME 13 #t3/min °F

Flgure 4-2. Field moisture determination.

42 QGas volume.

o () )-

°R  [VauPn
17.71 in. Hg\ Ta ) equation 4-2

whera!

Vme =Dry gas volume through meter at
standard condlitions, cu. {t,

Vm =Dry gas volume measured by meter,
cu. It

Pa =Barometric pressure at the dry ges
meter, inches Hg.

P.ra=Pressure at standard cond!tions, 29.923
inches Hg.

Tora=Absolute temperature at standard
conalitions, 630° R.

578

Tm =Absolute temperature at meter (*¥F+4
460), °R.
4.3 Molsture content.
V.. 1 v'l
b e v

equation 4-3

+ (0.025)

where:

Bwo=Froportion by volume of water vapor
in the gas stream, dimensionless.

Vwe =Volume of water vapor collected
(standard condl!tions), cu. tt.

Vwe =Dry gas volume through meter
{standard co:r~'*!'ons), cu. ft.

Bwu=Approximate volumetric proportion
of water vapor in the gas stream
leaving the impingers, 0.026.
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METHOD 6—DETERMINATION OF PARTICULATE
EMISSIONS FROM STATIONARY SOURCES

1. Principle and applicadility.

1.1 Principle. Particulate matter 1s with-
drawn isokinetically from the source and its
wolght 1s determined gravimetrically after re-
moval of uncombined water.

1.2 Applicability. This method 1s applica-
ble for the determination of particulate emis-
sions from stationary sources only when
specified by the test procedures for determin-
ing compllance with New Source Perform-
ance Standards.

2. Apparatus.

2.1 Sampling traln. The deslgn specifica-
tions of the particulate sampling train used
by EPA (Figure 6—1) are described in APTD-
0581. Commerclal models of this traln are
available.

2.1.1 Nozzle—Stalnless steel (318) with
sharp, tapered leading edge.

23.123 Probe—Pyrex! glass with a heating
system capable of malntaining 8 minimum
gas temperature of 250° F. at the exit end
during sampling to prevent condensation
from occurring. When length limitations
{greater than about 8 ft.) are encountered at
temperatures less than 600° F., Incoloy 8251,
or equivalent, may be used. Probes for sam-
pling gas streams at temperatures In excess
of 600° F. must have been approved by the
Administrator.

2.1.3 Pitot tube—Type S, or equivalent
attached to probe to monjtor stack gas
velocity.

! Trade name.

App. A

214 Pliter Holder—Pyrex! glass with
heating system capable of malntalning mini-
mum temperature of 225° P.

2.1.56 Implingers/ Condenser—Four !mpin-
gers connected In series with glass ball joint
fittings. The first, third, and fourth impin-
gers are of the Greenburg-Smith design,
modified by replacing the tip with a 4-inch
ID glass tube extending to one-half inch
from the bottom of the flask. The second im-
plnger {s of the Greenburg-Smith design
with the standard tip. A condenser may be
used 1n place of the impingers provided that
the molsture content of the stack gas can
still be determined.

2.18 Metering system—Vacuum gauge,
leak-free pump, thermometers capable of
measuring temperature to within 5° P., dry
gas meter with 2% accuracy, and related
equipment, or equivalent, as required to
maintain an i{sokinetic sampling rate and to
determine sample volume.

2.1.7 Barometer—To measure atmospheris
pressure to + 0.1 Inches Hg.

22 Sample recovery.

2.2.1 Probe brush—At least as long as
probe.

222 (Qlass wash bottles—Two.

2.2.3 Qlass sample storages contalners,

234 Graduated oylinder—3250 ml.

2.3 Anaslysls.

23.1 Glass weighing dishes.

23.2 Desiccator.

2.3.3 Anslytical balance—To measure to
+0.1 mg.

23.4 Trip balance—300 g. capacity, to
measure to +-0.05 g.

3. Reagents.

3.1 Sampling.

3.1.1 Pliters—Glass fiber, MSA 11068 BH?,
or equlvalent, numbered for identification
and preweighed.

3.1.2 Silica pgel—Indicating type, 6-16
mesh, dried at 175° C. (350° P.) for 2 hours.

3.1.3 Water,

3.1.4 Crushed Ice.

3.2 BSample recovery.

3.2.1 Acetone—Reagent grade.

3.3 Analysis,

33.1 Water.
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HEATED AREA  FILTER HOLDER

Title 40—Protection of Environment

IMPINGER TRAIN OPTIONAL. MAY BE REPLACED
BY AN EQUIVALENT CONDENSER

THERMOMETER  CHECK

PROBE STACK -
WALL )
. -‘V

- VACUUM
LINE

/
REVERSE-TYPE
PITOT TUBE
/
PITOT MANOMETER
ORIFICE
O
THERMOMETERS
DRY TEST METER

IMPINGERS

1CE BATH

BY-PASS VALVE

VACUUM
GAUGE
MAIN VALVE
AIR-TIGHT
PUMP

Flgure 5-1, Particulate-sampling train.

8.3.2 Desiccant—Drierite,! indicating.

4, Procedure.

4.1 Sampling

4.1.1 After selecting the sampling site and
the minimum number of sampiing points,
determine the stack pressure, temperature,
molisturs, and range of velocity head.

412 Preparation of collection traln.
Weigh to the nearest gram approximately 200
g. of sllica gel. Label a fliter of proper dlam-
etcr, deslccate® for at least 24 hours and
welgh to the nearest 0.5 mg. In a room where
the refative humidity is {ess than 50%. Place
100 ml. of water in each of the first two
impingers, leave the third impinger empty,

1 T:ade name.
'Dry using Drilerite! at 70° F.4-10° P.

and place approximately 200 g. of preweighed
silica gel in the fourth impinger. Set up the
traln without the probe as in Figure 6-1.
Leak check the sampling train at the sam-
pling site by plugging up the inlet to the ai-
ter holder and pulling a 16 in. Hg vacuum, A
leakage rate not in excess of 0.02 cfm. at a
vacuum of 15 in. Hg 1s acceptable. Attach
the probe and adjust the heater to provide a
gas tempearature of about 250° F, at the probe
outlet. Turn on the filter heating system.
Place crushed ice around the impingers. Add4
more ice during the run to keep the temper-
ature of tho gases leaving the last impinger
as low as posslble and nr=ferably at 70° F.,
or less. Temperatures above 70° F. may result
in damage to the dry gas meter from either
moisture condensation or excessive heat.
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4.1.3 Particulate train operation. For each
run, record the data required on the example
sheet shown in Figure 5-3, Take readings at
each sampling point, at ieast every § minutes,
and when significant changes In stack con-
ditions necessitate additional adjustments
in flow rate. To begin sampling, position the
nozzle at the first traverse point with the
tip pointing directly into the gas stream.
Immediatety start the pump and adjust the
flow to isokinetic conditlons. Sample for at
feast 5 minutes at each traverse point, sam-

App. A

pling time must be the same for each point.
Malntain isokinetlc sampiing throughout the
sampling perlod. Nomographs ars available
which ald in the rapid adjustment of the
sampiing rate without other computations.
APTD-0576 detalls the procedure for using
these nomographs. Turn off the pump at the
conctuslon of each run and record the final
readings. Remove the probe and nozzle from
the stack and handie in accordance with the
sample recovery process described in section
4.3

PLANT, AMBIENT TEMPERATURT
LOCATION BAROUETMIC PRESSURE
OPERATOR ASSUMIO MOISTURY, %,
oATE MEATER BOX SETTING
mNNO_ PROSE LENGTH, m.
SWPLEROINO_ NOTZLE DVAMETEN. in.
VETER BOT NO. PROSE HEATEN SETTING,
MTER 2N
C PACTOA SCUEMATIC DF STACK CROSS SECTION
PRESSURE
DIFFERENTIAL
st GAS SAMPLE TEMPERATUN ol
sawung | stanc | osmaon Jveoom | wenin | aassawene | TSR |0 [ oo e
TRAVERSE POINT Time PRESSURE | TEMPERATURE | HEAD famn, voLume NET OUTLET | renseaarune. |LhsT wcin,
NUMSER o). min. | (Pgl. i Hy Tg). ¢ (aPg). in 10 (v, 0 (Tm 01 5 JUTm 00 F wp K
TOTAL Avy. Avs.
AVERAGE ey ]

Figure 52

42 Sample recovery. Excrclse care in mov-
ing the collection train Yrom the test slte to
the sample recovery area to minimize the
foss of collected sample or the galn of
ex'raneous particulate matter., Set aside a
portion of the nccetone used in the sample
recovery as a biank for analysis. Measure the
volume of water from the first three ime-
pingers, then dlacard. Place the sampies in
containers as foliows:

Container No. I. Remove the fiiter from
its holder, place in this contalner, and seal,

Pailicutals hiald data

Container No. 2. Place loose particulate
matter and acetone washings from all
sample-exposed surfaces prior to the filter
In this contalner and seal. Use a razor biade,
brush, or rubber policeman to lose adhering
partictes.

Container No. 3. Transfer the silica gel
from the fourth impinger to the original con«
tainer and seal. Use & rubber policeman as
an ald 1o removing sillca gel from the
impinger.
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4.3 Analysls. Record the data required on
the ecxample eheet shown In Figure 85-3.
Handle sach sample contalner as follows:

Container No. 1. Transfer the filter and
&ny loose particulate matter from the sample
contatner to a tared glass welghlng dish,
desiccate, and dry to a constant weight. Re-
port results to the nearest 0.6 mg.

Container No. 2. Trausfer the acetone
washings to a tared beaker and evaporate to
dryness at amblent temperature and pres-
sure. Deelccate and dry to a constant welght.
Report results to the nearest 0.6 mg.

Container No. 3. Welgh the spent sillca gel
and report to the nearest gram.

8. Calibration.

Use methods and equipment which have
been approved by the Administrator to
callbrate the orifice meter, pltot tube, dry
gas meter, and probe heater. Recalibrate
after each test serles.

6. Caiculations.

6.1 Average dry gas moater temperature
and average orifice preassure drop. See data
sheet (Figure 5-2).

6.3 Dry gas volume, Correct the sample
volume measured by the dry gas meter to
etandard condltions (70° F., 29.92 inches Hg)
by uslng Equatlon 5-1.

v =v (T‘;td) Phhr+136 =
Retd = Tn Pud
Pb||+
(17 T — Hg)v - 13. 6
equation 5-1

where:

Vu,,q= Volume of gas sample through the
dry gas meter (standard condi-
tions), cu. ft.

Va= Volume of gas sample through the
dry gas meter (meter condl-
tions), cu. ft.

T, Absolute temperature at standard
conditlons, 630° R.

Ta= Average dry gas mster temperature,

‘R.

P,..= Barometrlc pressure at the orifice
maeter, inches Hg.

AHe= Average pressure drop across the
orifice meter, inches H,0.

13.6==Specific gravity of mercury.

P,.q= Absolute pressure at standard con-
ditlons, 29.92 Inches Hg.

Tile 40—Protection of Environment

6.3 Volume of water vapor.
pH O RT,uw Ib.

Va,g=V
matd e Mpo Paa 454 gm,
cu. ft.
=0.04747 52V,
equation 5-2
where:

Vw,e= Volume of water vapor In the gas
sample (standard condltlons).
cu. ft.

Vi, = Total volume of llquld collected ln
lmpingers and siilca gel (see Fig-
ure 5-3), ml.

po=Denslty of water, 1 g./ml.

Ma, 0= Molecular weight of water, 18 1b./
1b.-mole,

R==JIdeal gas constant, 21.63 Iinches
Hg—cu, ft./1b.-mole-"R,
T,.q=Absolute temperature at standard

conditions, 530° R.
P, 4= Absolute pressure at standard con-
ditions, 20.92 Inches Hg.

6.4 Molsture content.

B o v'lld
° vnlld+v'lld
equation 5-3
where:

3.« =Proportion by volume of waler vapor in the gas
stream, dimensionless,

Ve, u=Volume of water in the gas sample (standard
conditions), cu. ft.

Ve, a=Volume of gu sample through the dry gas meter
(standard conditions), cu. ft.

6.5 Total partlculate welght. Determine
the total partlculate catch from the sum of
the weights on the analysls data sheet
(Figure 5-3).

8.6 Concentration.

6.6.1 Concentratlon in gr./s.cf.

(0 0154 \ { m.m)

equation 5-4

where:
¢ .-Conccntratlon of particulate matter in stack

as, gr./s.c.f., dry basis.
\l.-Tomf amount of particulate matter collected,

v'-.u-\'olumo of gas sample through dry gas meter
(standard condltions), cu. ft.
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6.8.3 Concentration in ib./cu. xt

(4 53,600 mg )M

Mg

where:

c.=Concentratlon ol particulate matter in stack

gos, Ib.fs.c.t., dry basis.
433,600 =My/1b. i

M.
©eid equation 5-5

=2.203X10"¢5—

M. -Total amount of particulate matter collectad

Va4 =V olume ol gas sample through dry gas mete:
(standard conditions), cu. ft.
6.7 Isokinetic variation.

0.00267 in. Hg-cu. ft.
B T[ Tin, JE0 )v, +T (Pb..+136)](1 0678@)

8V,P,A,

where:
I=Percent of {sokinetic sampling.
Vi,=Total volume of Uqguld collected in tmpingsrs

and sllics gel (Soe I'1z. 5-3), ml.
s 0=Donslty of water, 1g./mi.

Re=Idnaal gas constant, 21.83 inches Hg-cu. ft.fib.
wmols-°R,
Mp, 0= olecular welght of water, 18 ib.ib.-mole.

Va=VYolume ol gassample through the dry gas meter
(meter conditions), cu. [t.

Tw=Absolute average rv gus meter temperature
(see Flgure 5-2), °R.

P..,-Ba;r{omatrlc pressuro at sampling site, Inches

AH-Avcrnge ressure drog across the orifice (see
Fig. 5-2), inches H(
T.-Ahsolugfz)aveﬁage stack gas temperature (see

O-Totcﬂ sampling time, min.
V.=S5tack gas veloclty caleniated by Method 2,
Equatlon 2-2, {t.fsec.
Py=Absolute atack gas pressure, Inches Hg.
Aq=Cross-sectional area ol nozzle, 8q. It.
6.8 Acceptable results. The following

range sets the limit on acceptable isoxinetic
sampling results:

£ 90% _<_I < 110%, the results are acceptable,
otherwise, reject the results and repeat
tae test.

7. Reference.

Addendum to Speclfications for Incinerator
Testlng at Foderal Facllitles, PHS, NOAPO,
Dec. A8, 1967.

Martin, Robert M., Conastruction Detalls of
Isckinetic Source S8ampling Equlpment, En-
viroaumsntal Protectlon Agency, APTD-05631.

Rom, Jerome J., Malntenance, Callbration,
and Operation of Isokinetlc Bource Sam-
pling Equipment, Environmsntal Protection
Agency. APTD-0576.

8mith, W. 8., R. T. Shigehara, and W. P.
Todd, A Method of Interpreting Stack Sam-
pling Data, Paper presented at the 63d An-
nual Meeting of the Alr Pollutlion Control
Associatlon, St. Louls, Mo., Juno 14--19, 1970.

Smith, W. 8, et al, Stack Gas Sampling
Improved and Simpllfied with New Equip-
ment, APCA paper No. 87-119, 1967.

Speclfications for Incinerntor Testing at
Federal Facllltles, PHS, NCAPC, 1967.
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METHOD 8—DETERMINATION O7 SULFUR DIOXIDF
EMISSIONS FR0M STATIONARY SOURCES

1. Prineiple and epplicability.

1.1 Princlple. A gas sample 1s extracted
trom the sampling point In the stack. The
ecld mist, including sulfur trtoxide, 18 sepa-
rated from the sulfur dioxide. The sulfur
dioxids fraction {s measured by the barium-
thorin titratlon method.

1.2 Applicability. This method is applil-
cable for the determination of sulfur dloxide
emisstons from stationary sources only when
specified by the test procedures for delermin-
ing compliance with New Source Performance
Standards.

2. Apparatus.

2.1 Bampling See Flgure 6-1.

2.1.1 Probe—Pyrex! glass, approximately
6 to 8 mm. ID, with a heatlng system to
prevent condensation and a filtering medium
to remove particulate rmatter including sul-
furle acld mist.

2.1.2 Midget bubbler—One, with glass
wool packed in top to prevent sulfuric ecid
mlist carryover.

2.1.3 QGlass wool.

2.14 DMidget Impingers—Three,

2.1.6 Drylng tube—Packed with 8 to 16
mesh Indicating-type silica gel, or eqquivalent,
to dry tha esample.

2.1.8 Valve—Needls valve, or egulvalent,
to adjust fow rate.

2.1.7 Pump—Leak-Iree, vacuum type.

2.1.8 Rate meter—Rotameter or equiva-
lent, to measure a 0-10 s.cf.h. low range.

2.1.9 Dry gas meter—Sutiiclently nccurate
to measure the sample volume within 1%.

2.1.10 Pitot tube—Type S, or equivalent
necessary only 1f a sample traverse is re-
quired, or If stack gas velocity varies with
timo,

2.2 Sample recovery.

2.2.1 Qless wash bottles—Two.

2.22 Polyethylene storage botties—To
stors Implnger samples.

2.3 Analysis.

! Trada names

{
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PROBE (END PACKED
WITH QUARTZ OR

PYREX WOOL\

TYPE § PITOT TUBE !

GLASS WOOL
l\l

App. A

SILICA GEL DRYING TUBE

STACK WALL
'j/ ‘MIDGET BUBBLER MIDGET IMPINGERS

DRY GAS METER

ROTAMETER

Figure 6-1. SOp sampling train.

2.3.1 Plpettes—Transfer type, 6 ml. and
10 ml. slzes (0.1 mi. divisions) and 25 ml.
slze (0.2 ml. dlvisions).

232 Volumetric flasks—60 ml., 100 ml.,
and 1,000 ml.

2.3.3 Burettes—85 ml. snd 50 ml.

234 Erlenmeyer flask—125 ml.

8. Reagents.

3.1 Sampling.

8.1.1 Water—Delonlzed. dlstliled.

8.1.2 Isopropanol, 80% —Mix 80 ml. of iso0-
propanol with 20 ml. of distllled water.

3.1.3 Hydrogan peroxide, 3%—dllute 100
ml. of 30%% hydrogen peroxlde to 1 liter with
distiiled water. Prepare fresh dally.

3.2 Sample recovery.

3.2.1 Water—Delonized, distliled.

3.2.2 Isopropanol, B0%.

3.3 Analysls.

3.3.1 Water—Delonized, distilled.

3.3.2 TIsopropanol.

8.833 Thorin indlcator—1-(o-arsonophen-
ylazo) -2-naphthol-3.8-disulfonlc acld. diso-
dlum salt (or equivalent). Dizsolve 0.20 g. In
100 ml. distilled water,

8.3.4 Barium perchlorate (001 N)—Dis-
solve 195 g. of Dbarlum perchlorate
[Ba(Ci10,),* 3H,O] In 200 ml, distilled water
and dilute to 1 llter with lsopropanol. Stand-
erdize with sulfuric acld. Barium chloride
may be used.

3.3.6 Sulfuric ac!d standard (0.01 N)—
Purchase or standardize to +0.0002 N
agalnust 0.01N NaOH which has previously
besn standardized agalnst potassium acld
phthalate (primary standard grade).

4. Procedure.

4.1 Sampling.

4.1.1 Preparsatlon of collectlon traln. Pour
15 ml. of 80% lsopropanol Into the mldget
bubbler and 15 ml. of 3% hydrogen peroxide
into each of the first two midget !mpilngers.
Leave the final midget impinger dry. Assem-
ble the train as shown In Figure 6-1. Leak
check the sampling traln at the sampling
site by plugglng the probe Inlet and pulling
a 10 Inches Hg vacuum. A leakage rate not
In excess of 1% of the sampling rate 1s ac-
ceptable. Carefully release the probe inlet
plug and turn off the pump. Place crushed
ice around the Impingers. Add more ice dur-
ing the run to keep the temperature of the
gases leaving the last lmpinger at 70° F. or
less.

4.1.2 Sample collection. Adjust the sam-
ple flow rate pron~="'ona! to the stack gas
velocity. Take readings at least every five
minutes and when significant changes {n
stack condltlons necessltate additlonal ad-
Justments in flow rate. To begin sampling,
position the tlp of the probe at the firsy
sampling point and start the pump. Sam-

ple proportionally throughout the run. At

the conclusion of each run, turn off the
pump and record the final readings. Remove
the probe from the stack and dlsconnect 1t
from the train. Drain the Ice bath and purge
the remsailning part of the traln by drawing
clean amblent alr through the system for 18
minutes.

4.2 Sample recovery. Disconnect the Im-
pingers after purging. Discard the contents
of the midget bubbler. Pour the contents of
the mildget Impingers into a polyethylene
shipment bottie. Rinse the three mldget im-
pingers and the connectlng tubes with dls-
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tllled water and add these washings to the
same storage container.

4.3 Samplo analysis. Transfer the contents
of the storago container to a 50 ml. volu-
metric flask. Dilute to the mark with de-
fonized, distilled water. Pipette a 10 ml.
aliquot of thls solution into a 125 ml. Erlen-
meoyer flask. Add 40 ml. of isopropanol and
two to four drops of thorin 1ndicator. Titrate
to a plnk endpolnt using 0.01 N barlum
perchlorate. Run a blank with each series
of samples.

5. Calibration.

5.1 Use standard methods and equipment
whlch have been approved by the Admlnis-
trator to callbrate the rotameter, pltot tube,
dry gas meter, and probe heater,

5.2 Standardize the barlum perchlorate
agalnst 256 ml. of standard sulfurlc acld con-
tainlng 100 ml. of 1sopropanol.

8. Calculations.

¥.i Dry gas volume. Correct the sample
volume measured by the dry gas meter to

Title 40—Protection of Environment

standard conditions (70° F. and 29.92 inches
Hg) by using equatlon 6-1.

=v, (Tue .Pb_")_
Vm"d—vm( Tm ) (Pud .

°R VmPhlr)
in. Hg\ Ta equation 6-1

17.71

where:

Vm,,,=~ Volume of gas sample through the
dry gas meter (standard condi-
tlons), cu. ft.

V= Volume of gas sample through the
dry gas meter (meter condl-
tlons), cu. ft.

T,ia=— Absolute temperature at standard
conditions, 530° R.

T,= Average dry gas meter temperature,

.
R

P,,,= Barometric pressure at the orlfice
meter, lnches Hg.
P, 4= Absolute pressure at standard cc™-
ditions, 20.92 inches Hg.
6.2 Sulfur dioxide concentratlon.

()

Lo,
Caoy=(7.05% 10422 ) 4

where:

Cso,= Concentration of sulfur dloxide
at standard conditions, dry
basls, 1b./cu. ft.

7.05 X 10-8= Conversion factor, Including the
number of grams per gram
equlvalent of sulfur dioxide
(32 g./g.-eq.), 453.68 g./1b., and
1,000 ml./L., 1b.-1./g.-ml.

V,= Volume of barlum perchlorate
titrant used for the sample,
ml.
V,y=Volume of barium perchlorate
titrant used for the blank, ml.
Ne=Normallty of barlum perchlorate
titrant, g.-eq./1.
= Total solution volume of sulfur
dioxide, 50 ml.
V,=Volume of sample aliquot ti-
trated, ml.

Vm,,,= Volume of gas sample through
the dry gas meter (standsrd
conditions), cu. ft., see Equa-
tion G-1.

7. References.

Atmospheric Emisslons from Sulfurlc Acid
Manufacturing Processes, U.S. DHEW, PHS,
Division of Alr Pollution, Public Health Serv-
ice Publication No. 099-AP-13, Cincinnati,
Ohlo, 1965.

Coroett, P, F.,, The Determlnation of SO,
and SO, In Flue Gases, Journal of the Insti-
tute of Fuel, 24:237-243, 1961,

Matty, R. E. and E. K. Diehl, Measuring
Flue-Gas SO, and SO,, Power 101:94-97, No-
vember, 1257,

Patton, W. F. and J. A. Brink, Jr.,, New
Equlpment and Techniques for Sampling
Chemlicai Process Gases, J. Air Pollutlon Con-
trol Assoclation, I3, 162 (1963).
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METHOD 7-—DETERMINATION Or NITROGEN OXIDX
EMISSIONS FROM STATIONARY SOURCIS

1. Principle and applicability.

1.1 Principle. A grab sample 1s collected
in an evacuated flask containing a dilute
sulfuric acld-hydrogen peroxide absorbing
solutlon, and the nitrogen oxldes, except
nitrous oxide, are measure colorlmetrically
using tbe phenoldisulfonic acid (PDS)
procedure.

1.2 Applicability. This method 1s applica-
ble for the measurement of nitrogen oxides
from statlonary sources only when speclfied
by the test procedures for determining coOm-

equation 6-2

pliance with New Source Performance
Standards.

2. Apparatus.

2.1 Sampling. See Figure 7-1.

2.1.1 Probe—Pyrex! glass, heated, with

filter to remove particulate matter. Heatlng
18 unnecessary if the probe remalns dry dur-
ing the purging period.

2.1.2 Collectlon flask—Two-liter, Pyrex,
round bottom with short neck and 24/40
standard taper opening, protected against
imploslion or breakage.

2.1.3 Flask valve—T-bore stopcock con-
nected to a 24/40 standard taper joint.

2.14 Temperature gauge—Dlial-type ther-
niometer, or equivalent, capable of measur-
Ing 2° F. intervals from 25° to 125° F,

2.1.6 Vacuum line—Tuhing capable of
withstanding a vacuum of 3 inches Hg abso-
lute pressure, with "T" connection and ‘C-bore
stopcock, or equlvalent.

2.1.8 Pressure gauge—U-tube manomaeter,
36 Inches, with O0.1-inch divislons, or
equivalent.

! Trade name,
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2.1.7 Pump—Capable of produclng a vac-
uum of 3 Inches Hg absolute pressure.

2.18 B8queeze bulb—One way.

2.2 Sample recovery.

PROBE

FILTER

GROUNO-GLASS SOCKET.
§NO. 1275

3-WAY STOPCOCK:
T-BORE. $. PYREX,
2.vm BORE, 8-mm 0O

GROUNO-GLASS CONE,
STANOARQ TAPER,
& SLEEVE NO. 24740

GROUNO-GLASS
SOCKET, §NO. 125
PYREX

App. A

2.2.1 Plpette or dropper.
2.2.2 Qlass storage contalners—Cushloned

for shipping.

@ EVACUATE
@ PURGE/

FLASK VALVE@ SAMPLE

@ EVACUATE

VENT

@ PURGE

~-FOAM ENCASEMENT

1

1" NBOILING FLASK -

! 2 LITER, ROUNO-BOTTOM, SHCAT VIR
WITH § SLEEVE NO. 24740

Figure 7-1. Sampling train, flask valve, and flask.

2.23. Glass wash bottle.

23 Analysls.

23.1 Steam bath.

2.3.2 Beakers or casseroles—250 ml., one
for each sample and standard (blank).

2.3.3 Volumetrlc plpettes—1, 2, and 10 ml.

2.34 Transfer plpette—10 ml. with 0.1 ml.
divisions.

2.3.56 Volumetric flask—100 ml., one for
each sample, and 1,000 ml. for the standard
{blank).

2.3.8 Spectrophotometer—To measure ab-
sorbance at 420 nm.

23.7 Graduated cyllnder—100 ml. with
1.0 ml. dlvislouns.

2.3.8 Analytical balance—To measure to
0.1 mg.

3. Reagents.

3.1 Sampling.

3.1.1 Absorblng solutlon—Add 2.8 ml. of
concentrated H,SO, to 1 liter of dlstllled
waier. Mix well and add 8 ml. of 3 percent
hydrogen peroxide. Prepare a fresh solutlon
weekly and do not expose to extreme heat or
dlrect sunlight.

3.2 Sample recovery.

3.2.1 Sodlum hydroxide (1N)—Dlissolve
40 g. NaOH In distilled water and dllute to 1
1iter.

322 Red litmus paper.

3.2.2 Water—Delonized, distilled.

3.3 Analysls.

3.3.1 Pumling sulfurlc acld—15 to 18% by
welght free sulfur trioxide.

3.3.2 Phenol—White solld reagent grade.

3.3.3 Sulfurlc acld—Concentrated reagent
grada,

3.3.4 Standard solution—D!ssolve 0.5495 g.
potasslum niltrate (KNO,) 1n distllled water
and dllute to 1 llter. For the working stand-
ard solution, dllute 11 ml. of the resulting
solutlon to 100 ml. with dlstllled water. One
ml. of the worklng standard solutlon is
equlvalent to 25 xg. nitrogen dloxlde.

3.3.5 Water—Dzlonlzed, distilled.

3.3.8 Phenoldisulfonlec acld solution—
Dissolve 25 g. of pure white phenol In 150 ml.
concentrated sulfuric acld on a steam bath.
Cool, add 75 ml. fuming sulfuric acld, and
heat at 100° C. for 2 hours. Store in a dark,
stoppered bottle.

4. Procedure.

4.1 Sampling.

4.1.1 Plpsatte 25 ml. of absorblng solutlon
Into a sample flask. Insert the flask valve
stopper Into the flask with the valve In the
"“purge” posltlon. Assemble the sampling
traln as shown In Figure 7-1 and place the
probe at the sampling polnt. Turn the flask
valve and the pump valve to thelr “evacuate”
positlons. Evacuate the flask to at least 8
Inches Hg absolute pressure. Turn $he pump
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valve to 1ts “vent” position and tura off the
pump. Chack the manometer for any fluctu-
ation In the mercury level, 1f there 13 a visl-
ble change over the span of one minute,
check for leaks. Record the initlal volume,
temperature, and barometrlc pressurs, Turn
the flask valve to lts “purge’ position, and
then do the same with the pump valve.
Purge the probe and the vacuum tube using
the squeeze bulb, If condensatlon occurs in
the probe and flask valve area, heat the probe
and purge until the condensatlon dlsappears.
Then turn the pump valve to 1ts “vont” posl-
tion. Twn the flask valve to 1ts “sample”
position snd allow sample to enter the flask
for about 15 seconds. After collecting the
sample, turn the flask valve to lts “purge”
position and disconnect the flask from the
sampling traln. Shake the flask for 5
mlnutes.

42 B8ample recovery.

42,1 Let the flask set for a minlmum of
16 hours and then shake the contents for 2
minutes. Connect the flask to a mercury
filled U-tube manometer, open the valve
from the flask to the manometer, and record
tho flask pressure and temperature along
with the barometrlc pressure. Transfer the
fiask contents to a container for shipment
or to a 250 ml. beaker for analysis. Rinse the
flask with two portlons of distilled water
(approximately 10 ml.) and add rinse water
to the sample. For a blank use 25 ml. of ab-
sorblng solutlon and the same volume of dis-
tilled wnter as used In rinsing the flask. Prlor
to shipping or analysls, add sodlum hydrox-
ide (1N) dropwise Into both the smmple and
the blank until alkallne to 1ltmus paper
(about 25 to 35 drops 1n each).

4.3 Analysis.

43.1 If the sample has been shipped in
a contaliner, transfer the contents to a 250
ml. beaker using a small amount of dlstilled

Taa(Vi—Va) °R
Vu=__‘_‘—'
Pu.d

where:

V,.~Sample volume at standard condi-
tlons (dry basls), ml.
T,.a= Absclute temperature at standard
conditlous, 530° R.
P, a=Pressure at standard
29.92 inches Hg.
V.~ Volume of flask and valve, ml.
V.= Volume of absorblng solullon, 25 ml.

11b.
m
o=(yz)
where:

- C_Tl_. ft. _
16X 10432
6X 10 vy
C=Concentration of NO, as NO, (dry
basis), 1b./s.c.f.
m==Mass of NO, In gas sample, gg.
V..=Sample volume at standard condl-
tions (dry basls), ml.

conditions,

.P_'..E)_( R
(T, o8 e LB e

=(6.2X 10~
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water. Evaporate the solutlon to dryness on a
steam bath and then cool. Add 2 ml., phenol-
dlsulfonic ac!d solutjon to the drled residue
and triturate thoroughly with a glass rod.
Make sure the solution contacts all the resi-
due. Add 1 ml. distilled water and four drops
of concentrated sulfuric acld. Heat the solu-
tion on a steam bath for 3 minutes with oc-
caslonal stlrring. Cool, add 20 ml. distilled
water, mlx well by stirring, and add concen-
trated ammonium hydroxids dropwise with
constant stirring untll alkallne to litmus
paper. Transfer the solutlon to a 100 ml.
volumetric flask and wash the beaker three
times with 4 to 6 ml. portlons of distilied
water. Dllute to the mark and mix thor-
oughly. If the sample contalns sollds, trans-
fer a portlon of the solutlon to a clean, dry
centrifuge tube, and centrifuge, or filter a
portlon of the solutlon. Measure the absorb-
ance of each sample at 4320 nm. using the
blank solutlon as & zero. Dilute the sample
and the blank with a suitable amount of
distilled water 1If absorbance falls outside the
range of callbratlon.

5. Calibration.

5.1 Ilask volume. Assemble the flask and
flask valve and fill with water to the stop-
cock. Measure the volume of water to +10
ml. Number and record the volume on the
flask.

5.2 Spectrophotometer. Add 0.0 to 18.0 ml,
of standard solutlon to a serles of beakers. To
each beaker add 25 ml. of absorblng solution
and add sodium hydroxide (1N) dropwise
until alkaline to litmus paper (about 25 to
35 drops). Follow the analysis prucedurs of
sectlon 4.3 to collect enough data to draw a
calibration curve of concentration in ug. NO»
per sample versus absorbance.

6. Calculations.

6.1 Sample volume,

) (V;—25 ml.) (%—-%) Equation 7-1

P,=Final absolute pressure of flask,
Inches Hg.

P,=1Inltlal absolute pressure of flask,
Inches Hg.

T,=Final absolute temperature of flask,
.
R.

T,=+Initlal absolute temperature of Bask,
.
R.

6.2 Sample concentration. Read ag. NO,
for each sample from the plot of ag. NO,
versus absorbance.

(v)
Vi

7. References.

Standard Methods of Chemlcal Analysls.
6th ed. New York, D. Van Nostrand Co., Inc,,
1962, vol. 1, p. 323-330.

Standard Method of Test for Oxldes of
Nitrogen In Gaseous Combustion Products

Jb./s.c.f.
pg./ml.

equation 7-2
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(Phenoldisulfonic Acid Procedure). In: 1968
Book of ASTM Standards, Part 23, Phijadel-
phla, Pa. 1968, ASTM Deslignation D-1608-60,
pP. 725-729.

Jacob, M. B., The Chemical Analysls of Alr

Poliutants, New York, N.Y., Interscience Pub-
ilshers, Inc., 1960, vol. 10, p. 351-356.

METHOD 8—DITERMINATION OF BULFURIC ACID
MIST AND BULFUR DIOXIDE EMISSIONS FROM
BTATIONARY S0URCES

1. Principle and applicability.

1.1 Princlpie. A gas sample Is extracted
from & sampiing polnt In the stack and the
aclid mlist including sulfur trioxide 1s sepa-
rated from sulfur dloxide, Both fractions are
measured separately by the barium-thorin
titration method.

1.2 Applicabllity. This method is applica-
ble to determination of sulfuric acid mist
(Including sulfur trloxide) and sulfur dlox-
1de from statlonary sources only when spe-
clfied by the test procedures for determining
compllance with the New Source Perform-
ance Standards.

2. Apparatus.

2.1 Sampling. See Figure B-1. Many of
the design specifications of thls sampling
traln are described 1n APTD-0581.

STACK

ALL
PROBE

REVERSE-TYPE
PITOT TUBE

FILTER HOLDER

App. A

2.1.1 Nozzle—Stainless steel (316) with
sharp, tapered leading edge.

2.1.2 Probe—Pyrex! glass with a heating
system to prevent visibie condensation dur-
ing sampling.

2.13 Pltot tube—Type 8, or equivalent,
attached to probe to monitor stack gas
veloclty.

2.14 Fliter holder—Pyrex ! glass,

2.1.6 Impingers—Four as shown in Figure
8-1. The first and third are of the Greenburg-
Smith design with standard tip. The second
and fourth are of the Greenburg-Smith de-
slgn, modifled by replacing the standard tip
with a l4-lnch ID glass tube extending to
one-half Inch from the bottom of the im-
pinger flask., Similar collectlon systems,
which have been approved by the Adminis-
trator, may be used.

2.1.6 Metering system—Vacuum gauge,
leak-free pump, thermometers capable of
measuring temperature to within 6° P., dry
gas meter with 2% accuracy, and related
equipment, or equivalent, as required to
maintaln an isokinetic sampling rate and
to determine sample volumae.

2.1.7 Barometer—To measure atmospheric
pressure to +0.1 inch Hg.

' Trsrle name.
THERMOMETER

CHECK
VALVE

!
ICE BATH

e
IMPINGERS
BY-PASS VALVE

N

DRY TEST METER

Figure 8-1, Sulfuric acid mist sampling train.
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2.2 Bample recovery.

22.1 Wash bottles—Two.

2.22 Graduated cylinders—250 mil., 500
ml.
2.2.3 Glass sample storage contalners.

224 Graduated cylinder—250 mil.

23 Analysls,

2.38.1 Plpette—23 ml., 100 ml.

2332 DBurette—50ml.

23.3 Erlenmeyer flask—250 ml.

234 Graduated cylinder—100 ml.

23.6 Trip balance—300 g. capaclty, to
measure to +-0.05 g.

2.3.6 Dropping bottie—to add Indicator
solutlon.

8. Reagents.

8.1 Bampling.

8.1.1 Pliters—Glass fiber, MSA type 1108
BH, or equivalent, of a sultable size to fit
in the fiiter holder.

3.1.2 S8ilica gel—Indicating type, 6-16
mesly, dried at 175° C. (360° F.) for 2 hours.

8.1.3 Water—Delonized, alstilled.

3.14 Isopropanol, 80%—Mix 800 ml. of
isopropanol with 200 ml. of deionized, dis-
tlled water.

8.1.5 Hydrogen peroxide, 3%-—Dilute 100
ml. of 809 hydrogen peroxide to 1 liter with
delonized, distilled water.

2.1.6 Crushed lce.

323 Samplo recovery.

8.2.1 trater—Delonized, distilled.

8232 Isopropanol, 80%.

3.3 Analysis.

3.3.1 Water—Delonized, distilled.

3.3.2 Isopropanol.

3.38 Thorin indicator—1-(o-arsonophen-
ylazo)~-2-naphthol-3, 6-disulfonic acld, di-
sodium salt (or equivalent). Dissolve 0.20 g.
in 100 ml. distilled water.

8.34 Barlum perchlorate (0.0I1N)—Dls-
solve 1985 g. of barium perchlorate [Ba
(C92,)43 HO] 1n 200 ml. distilled water and
dilute to 1 liter with isopropanol. Standardize
with sulfurte acld.

3.8.6 Sulfuric acid standard (0.01N)—
Purchase or standardize to + 0.0002 N against
01 N NaOH which has previously been
standardized against primary standard po-
tasajlum acid phthalate.

by
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4. Procedure.

4.1 Sampling.

4.1.1 After selecting the sampling site and
the minimum number of sampling points,
determlne the stack pressure, temperature,
molsture, and range of veloclty head.

4.1.3 Preparation of collection train.
Place 100 ml. of 80% isopropanol in the first
impinger, 100 ml. of 3% hyarogen peroxide in
both the second and third impingers, and
about 200 g. of silica gel in the fourth im-
pinger. Retaln a portion of the reagents for
use 88 blank solutions. Assemble the traln
without the probe as shown in Figure 8-1
with the fliter between the first and second
impingers. Leak check the sampling train
at the sampling site by plugging the inlet to
the first impinger and pulllng a 16-inch Hg
vacuum. A leakage rate not in excess of 0.02
cim. at a vacuum of 15 inches Hg is ac-
ceptable. Attach the probe and turn on the
probe heating system, Adjust the probe
heater settlng during sampling to prevent
any visible condensation. Place crushed ice
around the impingers. Add more ice during
the run to keep the temperature of the gases
leaving the last impinger at 70° F. or less.

4.13 Traln operation. For each run, re-
cord the data required on tbe example sheet
shown In Pigure 8-2. Take readings at each
sampling point at least every 5 minutes and
when significant changes in stack conditions
necessitate additional adjustments in fow
rate. To begin sampling, position the noazle
at the first traverse point with the tip point-
ing directly into the gas stream. Start the
pump and immedlately adjust the flow to
isokinetlc conditions. Maintain isokinetic
sampliing throughout the sampiing period.
Nomographs are available which ald in the
rapid adjustment of the sampling rate with-
out other computations. APTD-0576 detalls
the procedure for using these nomographs.
At the conclusion of each run, turn off the
pump and record the final readings. Remove
the probe from the stack and disconnect it
from the traln. Draln the ice bath and purge
the remalning part of the traln by drawing
clean amblent alr through the system for 15
minutes.

A-22
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Figwe 8:2. Field data,

4.2 Sample recovery.

421 Transfer the lsopropanol from the
first Impinger to a 250 ml. graduated cyiinder.
Rinse the probe. first impinger, and all con-
nectlng glassware before the fliter with 80%
isopropanol. Add the rinse soiutlon to the
cylinder. Dilute to 250 ml. with 80% isopro-
panol. Add the filter to the soiutlon, mlx,
and transfer to a sultable storage contalner.
Transfer the solutlon from the second and
third Impingers to a 500 ml. graduated cyl-
inder. Rinse all glaasware between the fliter
and sllica gel impinger with delonlzed, dis-
tilled water and add this rinse water to the
cylinder. Dilute to a volume of 500 mi. with
delonized, distilied water. Transfer the solu-
tlon to a sultabie storage contalner.,

43 Analysis.

4.3.1 Shake the container holdlng iso-
propanoi and the fliter. If the fliter hreaks
1p, allow the fragments to settle for a few
minutes hefore removing a sample. Plpette
a 100 ml. allquot of sample into a 250 mi.
Erienmeyer flask and add 2 to 4 drops of
thorin indicator. Titrate the sample with

wox [Pty
() (S
Ward m T‘ P.“

whero:
Va,, = Volume of gas sample through the
dry gas meter (standard condl-
tions), cu. ft.

barlum perchlorate to a plnk end polnt. Make
sure to record volumes. Repeat the tltra-
tlon with & second aliguot of samplie, Shake
the container holding the contents of the
second and third Impingers. Plpette a 25 mi.
allquot of samplie into & 250 ml. Erlenmseyer
flask. Add 100 ml. of isopropanoi and 2 to 4
drops of thorln Indicator. Titrate the sample
with harlum perchlorate to a plnk end polnt.
Repesat the titratlon with a second aligquot of
sample. Titrate the bianks in the same
manner as the sampies.

5. Calibration.

5.1 Use standard methods and equipment
which have been approved by the Adminis-
trator to callbrate the orifice meter, pltot
tube, dry gas meter, «i1d probe heater.

5.2 Standardlze the barlum perchiorate
with 25 ml. of standard sulfuric acld con-
tainlng 100 ml. of 1sopropanol. ’

8. Calculations.

8.1 Dry gas volume, Correct the sumple
volume measured by the dry gas meter to
standard condltlons (70° F., 29.92 inches Hg)
by using Equation 8-1.

A
Pb"+ ]'EI.IG

(-]
=(17.71).n- Hg)v.. -

equation 8-1

V.= Volume of gas sampie through the
gas meter (meter condl-
tlons), cu. ft.

: 691
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T,,s= Absolute temperature at standard
condltions, 530° R.
T = Average dry gis meter temperature,
.
R

P,,,~ Barometric pressure at the orifice
meter, inches Hg.

tb.-1.

of Environment

AH e~ Pressure drop across the orifice
meter, inches H,0.
13.6== Specific gravity of mercury.
P,.4= Absolute pressure at standard con-
ditions, 29.92 inches Hg.
6.2 Sulfuric acid concentration.

(Vo= Vo) () (F2)

Cays04= (1.08>< 1025

Cagso,= Concentration of sulfuric actd
at standard conditions, dry
basls, 1b./cu. ft.

1.08X 10—+~ Conversion factor including the
number of grams per gram
equivalent of sulfuric acld
(49 g./g.~eq.), 4563.6 g./1b,, and
1,000 ml./1., 1b.-1./g.-ml.
V,=Volume of barium perchlorate
titrant used for the sample,
ml.
V= Volume of barium perchlorate
titrant used for the blank, ml.

Ib.-l.

)

Vv

mad

equation 8-2

N+~ Normality of barium perchlorate
titrant, g.-eq./1.
V..1»=Total solution volume of sul-
furic acid (first lmplnger and
filter), ml.
V.= Volume of sample allquot ti-
trated, ml
Vm,,,= Volume of gas sample through
the dry gas meter (standard
conditions), cu, ft., see Equea-
tion 8-1.

8.3 Sulfur dioxide concentration.

Vi vy () (L)

Cso =(7.05x10—!

)

g.-ml.

vhere:

Cso,== Concentration of sulfur dioxide
at standard conditions, dry
basts, 1b./cu. ft.

7.05 X 10-8%== Conversion factor Including the
number of grams per gram
equivalent of sulfur dioxide
(32 g./g.-eq.) 453.8 g./1b., and
1,000 ml./!., 1b.-l./g.~ml.

V.= Volume of barlum perchiorate
titrant used for the sample,

V.= Volume of barium perchiorate
titrant used for the blank, ml.

N == Normality of barlum perchlorate
titrant, g.-eq./1.

V,..1a==Total solution volume of sulfur
dloxide (second and third im~
pingers), ml,

V.~ Volume of sample aliquot ti-
trated, ml,

Vm,,g=Volume of gas sample through
the dry gas meter (standard
conditions), cu. ft., see Equa~
tion 8-1.
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METHOD $—VISUAL DETERMINATION OF THEK
OPACITY OF EMISSIONS FROM STATIONARY
SOURCES

1. Principle and applicadbility.

1.1 Principle. The relative opacity of an
cmission from a stationary source s de-
termincd visually by a qualified observer

1.2 Applicabiiity. This method is appil-
cable for the determination of the relative
opacity of visible emissions from stationary
sources only when specified by test proce-
dures for determining compiiance with the
New Source Performance Standards.

2. Procedure.

2.1 The qualified observer stands at ap-
proximately two stack heights, but not more
than a quarter of a mile from the hase of
the stack with the sun to his back. From s
vantage point perpendicuiar to the plume
the observer studies the point of greatest
opncity In the plume. The data required ip
Flgure 0-1 1& recorded every 15 to 30 seconds
to the nearest 5% opacity. A minimum of 25
readings i3 taken.
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3. Qualifications.

3.1 To certlfy as an observer, a candidate
must complete a smokereading course con-
ducted by EPA, or equivaient; in order to
certify the candidate must assign opaclty
readings in 5% increments to 25 different
biack piumes and 25 different white ptumes,
with an errer not to.exceed 15 percent on
any one reading and an average error not to
exceed 7.5 percent in each category. The
smoke generator used to qualify the ob-
servers must be equipped with a calibrated
smoke Indlcator or light transmilssion meter
located in the source stack i{f the smoke

App. A

generator is to determine the actual opacity
of the emissions. Ali qualified observers must
pass this test every 6 months in order to
remain certifled.

4. Calculations.

4.1 Determine the average opaclty.

5. References.

Alr Potlution Controf District Rules and
Regutations, Los Angeles County Alr Poftu-
tlon Controf District, Chapter 2, Schedule 6,
Regulation 4. Prohibition, Rute 50, 17 p.

Kudluk, Rudolf, Ringetmann Smoke Chart,
U.S. Department of Interior, Bureau of Mines,
Information Clrcular No, 8333, May 1967.
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Figure 9-1. Field dala.

METHOD 10—DETERMINATION OF CARBON MON-
oxIE EMISSIONS FROM STATIONARY SOURCES

1. Principle and Applicability.

1.1 Principle. An integrated or continuous
Zas sample 1s extracted from a sampiing point
and analyzed for carbon monoxide (CO) con-
tent using a Luft-type nondlspersive infra-
red anatiyzer (NDIR) or equivalent.

1.2 Applicadbility. This method is appil-
cabie rfor the determination of carbon mon-
oxide emissions from statlonary sources onty
when speclified by the test procedures for

determining compliance with new source
performance standards. The test procedure
will indicate whether a continuous or an
integrated sample is to be used.

2. Range and sensitivity.

2.1 Range.0 to 1,000 ppm.

2.2 Sensitivity. Mintmum detectabie con-
centration is 20 ppm for a 0 to 1,000 ppm
span,

3. Interferences. Any substance having a
strong absorption of Infrared energy wliil
interfere to somc extent. For examptie, dis-
criminatlon ratios for water (H,O) and car-
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bon dioxlde (CO,) are 3.6 percent M, O per
7 ppm CO and 10 percent CO, per 10 ppm
CO, respectively, for devices measuring in the
1,500 to 3,000 ppm range. For devices meas-
uring in the 0 to 100 ppm range, Interference
ratlos can be as hlgh as 3.6 percent 11,0 per
25 ppm CO and 10 percent CO, per 60 ppm
CO. The use of slllca gel and ascarlte traps
will alleviate the major interference prob-
lems. The measured gas volume must be
corrected 1f these traps are used.

4. Precision and accuracy.

4.1 Prectsion. The precision of most NDIR
analyzers is approxlmately -+2 percent of
span.

4.2 Accuracy. The accuracy of most NDIR
analyzers 1s approximately +5 percent of
span after callbration.

6. Apparatus.

5.1 Continuous sample (Figure 10-1).

5.1.1 Probe. Stalnless steel or sheathed
Pyrex  glass, equipped with a fllter to remove
particulate matter.

5.1.2 Air-cooled condenser or equivalent,
lo remove any excess molisture.

52 Irtegrated sample (Figure 10-3).

5.2.1 Probe. Stalnless steel or sheathed
Pyrex glass, equipped with a fllter to remove
particulate matter.

5.2.2 Air-cooled condenser or equivalent.
'I'o remove Any excess molisture.

63.3 Valve. Needle valve, or equlvalent, to
to adjust flow rate.

524 Pump. Leak-free diaphragm type, or
equivalent, to transport gas.

52.5 Rate meter. Rotameter, or equivalent,
to measure a flow range from 0 to 1.0 liter
pe” min. (0.035 cfm).

52.6 Flerible bag. Tedlar, or equivalent,
with a capaclty of 60 to 90 llters (2 to 3 1t ?),
Leak-test the bag in the laboratory before
using by evacuating bag wlth a pump fol-
lowved by a dry gas meter. When evacuation
is complete, there should be no flow through
the meter.

5.4.7 Pitot tube. Type S, or equivalent, at-
tached to the probe so that the sampling
rate can be regulated proportional to the
stack gas veloclty when velocity i3 varying
with the time or a sample traverse 13 con-
ducted.

5.2 Analysis (Figure 10-3).

5.3.1 Carbon monozide analyzer. Nondisper-
sive Infrared spectrometer, or equivalent.
This instrument should be demonstrated,
preferably by the manufacturer, to meet or
excead muanufacturer's specifications and
those described In th!s method.

532 Drying tube. To contaln approxi-
mately 200 g of silica gel.

5.3.8 Culibration gas. Refer to paragraph
6.1.

5.3.4 Filter. As recommended by NDIR
manufacturer.

t Mention of trade names or speclfic prod-
ucts does not constitute endorsement by the
Environmental Protectlon Agency.
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Figues 10-1. Cominveus nempling Vain, .
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Figu:# 19:2 taleycaied gas-sampling trein,

5.3.5 CO, removal tube. To contain appraxi-
mately 500 g of ascarite.

5.3.6 Ice water bath. For ascarite and slllca
gel tubes.

5.3.7 Valve. Needle valve, or equlvalent, to
adjust flow rate

5.3.8 Rate meter. Rotameter or equivalent
to measure gas flow rate of 0 to 1.0 liter per
min. (0.035 cfm) through NDIR.

65.3.9 Recorder (optional). To provide per-
manent record of NDIR readings.

6. Reagents.

6.1 Calibration gases. Known concentratlon
of CO in nitrogen (N;) for {instrument span,
prepurlfied grade of N, for zero, and two addi-
tional concentrations corresponding approxi-
mately to 60 percent and 30 percent span. The
span concentratlon shall not exceed 1.6 tlmea
the applicable source performance standard.
The calibration gases shall be certified by
the manufacturer to be within +2 percent
of the specified concentratlon.

Py nroLE

Figure 103 Anslyilzal seuipment,
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6.2 Stlica gel. Indicating type, 6 to 16 mesh,
dried at 175° C (347° F) for 2 hours.

0.3 Ascarite. Commercially avallabie.

7. Procedure.

7.1 Sampling.

7.1.1 Continuous sampling. Set up the
equipment as shown In Figure 10-1 making
sure all conunections are leak free. Piace the
probe in the stack at a sampling point and
purge the sampling line. Connect the ana-
lyzer and begin drawing sample Into the
analyzer. Allow 5 milnutes for the system
to stabillze, tten record the analyzer read-
ing as requlred by the test procedure. (See
1172 and 8). CO; content of the gas may be
determined by using the Method 3 Inte-
grated sample procedure (36 FR 24888), or
by welghing the ascarite CO, removal tube
and computlng CO, concentratlon from the
gas volume sampied and the weight galn
of the tube.

7.1.2 Integrated sampling. Evacuate the
flexible bag. Set up the equipment as shown
in Figure 10-2 with the bag disconnected.
Place the probe in the stack and purge the
sampling line. Connect the bag, making sure
that all connections are leak free. Sample at
a rate proportional to the stack veloclty.
CO, content of the gas may be determined
by using the Method 3 Integrated sample

App. A

procedures (36 FR 24886), or by welghing
the ascarite CO, removal tube and comput-
ing CO, concentration from the gas volume
tamplied and the weight gain of the tube.

7.2 CO Analysis. Assemble the apparatus as
shown In Flgure 10-3, callbrate the instru-

me 1t, and perform other requlred operations °

as described In paragraph 8. Purge analyzer
with N; prior to introductlon of each sample.
Dircct the sample stream through the instru-
ment for the test perlod, recording the read-
ings. Check the zero and span again after the
test to assure that any drift or malfunction
is detected. Record the sample data on Table
10-1.

8. Calibration. Assemble the apparatus ac-
cording to Figure 10-3. Generally an instru-
ment requires a warm-up period before sta-
bllity 1s obtained. Follow the manufacturer’'s
instructions for specific procedure. Allow &
minlmum time of one hour for warm-up.
During this tilme check the sample condi-
tloning apparatus, l.e., fllter, condenser, dry-
ing tube, and CO; removal tube, to ensure
that each component 1s in good operating
condition. Zero and calibrate the Instrument
according to the manufacturer's procedures
using, respectively, nitrogen and the callbra-
tion gases.

TABLE 10-1.—Field data

LOBRBIIN cavsoimin om o bm miem e & e A i e = i

TOM. o ocscstarsoccsaccne

TN i i i o il . i e i o B AR Al

Clock time

Rotameter setting, liters per minute
(cubic feet per minute)

8. Calculation—Concentration of carbon monozide. Caiculate the concentration of carbon

monoxlde in the stack using equatlon 10-1.

Cco,taer =Coyxpip(l—Feoy)

where:

equation 10-1

Cco, ., = COncentration of CO in stack, ppm by volume (dry basis).

Cco ypp=Cconcentration of CO measured by NDIR analyzer, ppm by volume (dry

basis).

Fco,=volume fraction of CO; in sample, i.c., percent CO2 from Orsat analysis

divided by 100.
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10.4 Models 215A, 315A, and 415A Infrared
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Beckman Instructions 1635-B, Fuller-
ton, Calif., October 1967.
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10.5 Continuous CO Monitoring 8ystem,
Modcl A5611, Intertech Corp., Princeton,
N.J.

10.6 UNOR Infrared Gas Analyzers, Bendix
Corp., Ronceverte, West Virginia.

ADDENDA

A. Performance Specifications for NDIR Carbon Monozxide Analyzers.

Range (minimum)...._. 5
Output (minimum).o-....o-__
Minimum detectable sensltivity_.________..
Rlse time, 90 percent (maximum) . cooao._--
Fall time, 90 percent (maximum).._.__.._.._
Zero drift (Maximum) cecccccecmecccaaaann
Span drift (maximum)....--

Preclsion (minimum)...
Nolse (MaXlmMum) - cceccccvmccrecccemacame
Linearity (maximum deviation) ...
Interference rejectionratloocc oo

0-1000ppm.
0-10mV,

20 ppn.

30 seconds.

30 seconds.

10% in 8 hours.
10% in 8 hours.

—+ 2% of full scale.
+ 19, of full scale.
2% of full scale.
CO,—1000 to 1, H,0—500to 1.

B. Definitions of Performance Specifica-
tions.

Range—The minlmum
raeasurement limits.

Output—Electrical signal which is propor-
tional to the measurement; intended for con-
nection to readout or data processing devices.
Usually expressed as mlllivolts or mililamps
1ull scale at a glven linpedance.

Full scale—The maximum mesasuring limit
for a glven range.

Minimum detectable  sensitivity—The
smaliest amount of input concentration that
can be detected as the concentration ap-
proaches zero.

Accuracy—The degres of agreement be-
tween a measured value and the true value,;
usually expressed as -+ percent of full scale.

Time to 90 perccnt responsc—The time in-
terval from a step change in the Input con-
centration at the instrument inlet to a read-
ing of 90 percent of the ultimate recorded
concentration.

Rise Time (90 percent)—The interval be-
tween initial response time and time to 90
percent response after a step Increase in the
inie’ concentration.

Fa.l Time (90 percent)—The interval be-
twecen initial response time and time to 90
percent response after a step decrease in the
inlet concentration.

Zero Drift—The change in instrument out-
put over a stated time period, usually 24
hours, of unadfusted continuous operation
when the input concentration is zero; usually
expressed as percent full scale.

Span Drift—The change in instrument out-
put over a stated time period, usually 24
hours, of unadjusted continuous operation
when the Input concentration is a stated
upscale value; usually expressed as percent
full scale.

Precisinn—The degree of agreement be-
tween repeated measurements of the same
concentratinn, expressed as the average de-
viation of the single results from the mean,

and maximum

Noise—Spontaneous deviations from a
mean output not caused by input concen-
tration changes.

Linearity—The maximum devlatlon be-
tween an actual Instrument reading and the
reading predicted by a straight line drawn
between upper and {ower callbration points.

METHOD 1 1—DETERMINATION OF HYDROGEN SUL~
FIDE EMISSIONS FROM STATIONARY BOURCES

1. Principle and applicabdility.

1.1 Principle. Hydrogen sulfide (H,;8) is
collected from the source in a serles of midget
impingers and reacted with alkaline cad-
mium hydroxide [Cd(OH),] to form cad-
mium sulfide (CdS). The precipitated CdB
i1s then dissolved in hydrochloric acid and
absorbed in a known volume of lodine solu-
tion. The jodine consumed is & measure of
the H.8 content of the gas. An implnger con.
taining hydrogen peroxide is inciuded to re-
move 80, as an Interfering species.

1.2 Applicability. This method is applica-
ble for the determination of hydrogen sul-
fide emissions from stationary sources only
when #pecified by the test procedures for
determining comptiance with the new source
performance standards.

2. Apparatus.

2.1 Sampling train.

2.1.1 Sampling line—6- to 7T-mm (1 -inch)
Teflon ! tubing to connect sampling train to
sampling valve, with provisions for heating
to prevent condensation. A pressure reduc-
ing valve prior to the Teflon sampiing line
may be requlred depending on sampling
stream pressure.

2.12 Impingers—Five midget impingers,
each with 30-mi capacity, or equivalent.

2.1.3 Ice bath container—To malintain ab-
sorbing solution at a constant temperature,

2.1.4 Silica gel drying tube—To protect
pump and dry gas meter.

tMention of trade names or specific prod-
ucts does not constitute endorsement by the
Environmental Protection Agency.
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2.1.6 Needle valve, or equivalent—Stainless
steel or other corrosion resistant material, to
adjust gas flow rate.

2.1.8 Pump—Leak free, dlaphragm type, or
equivalent, to transport gas. (Not required
if sampling stream under positive pressure.)

2.1.7 Dry gas meter—Sufliclently accurate
to measure sample volume to within 1 per-
cent.

2.1.8 Rate meter—Rotameter, or equivalent,
to measure a flow rate of 0 to 3 ilters per
minute (0.1 ft*/min).

2.1.9 Graduated cylinder—25 ml.

2.1.10 Barometer—To measure atmospheric
pressure within =25 mm (0.1 in.) Hg.

2.2 Sample Recovery.

2.2.1 Sample container—500-ml giass-stop-
pered lodine flask.

2.2.2 Pipette—50-mi volumetric type.

2.2.3 Beakers—250 mi.

2.24 Wash bottle—Qlass.

2.3 Analysis,

2.3.1 Flask—500-ml glass-stoppered lodine
flask.

2.3.2 Burctte—One 60 ml.

2.3.2 Flask—125-mi conlcal.

3. Reagents.

3.1 Sampling.

3.1.1 Absorbing solution—Cadmium hy-
droxide (Cd(OH),)—Mix 4.3 g cadmlum sul-
fate hydrate (3 CdSO,8H,0) and 0.3 g of
sodlum hydroxlde (NaOH) in 1 liter of dis-
tilled water (H,0). Mix well.

Note: The cadmium hydroxlde formed In
this mixture wlll precipltate as a whlte sus-
pension. Therefore, thls solution must be
thoroughly mixed before uslng to ensure an
even distributlon of the cadmium hydroxide,

3.1.2 Hydrogen perozide, 3 percent—Diiute
30 percent hydrogen peroxide to 3 percent
as needed. Prepare fresh dalily;

3.2 Sample recovery.

3.2.1 Hydrochloric acid solution (HCl), 10
percent by weight—MIlx 230 mi of concen-
trated HCI (specific gravity 1.19) and 770 mi
of distilied H,O.

3.2.2 Jodine solution, 0.1 N—Dlssolve 24 g
potassium iodlde (KI) in 30 ml of distliied
HO In a 1-llter graduated cylinder. Welgh
12.7 g of resubllmed lodIne (I,) Into a weigh-
ing bottle and add to the potassium lodide
solution. Shake the mixture until the lodine
1s compietely dissoived. Siowly diiute the so-
lution to 1 iiter with distilled H,O, with
swlrling. Filter the solutlon, 1f cloudy, and
store In a brown glass-stoppered bottle,

3.2.3 Standard {odine solution, 0.01 N—Di-
lute 100 ml of the 0.1 N iodine solutlon In a
volumetric flask to 1 liter with distiiled
water,

Stanrardize dally as follows: Plpette 25 mi
of the 0.01 N lodine soiution into a 125-ml
conical flask. Titrate with standard 001 N
thiosulfate solution (see paragrapl 3.3.2) un-
til the sciution is a 1ight yellow. Add a few
drops of the starch solution and continue
titrating untll the blue color just disap-
pears. From the results of this tltration, cal-

App. A

culate the exact normality of the lodlne
s.lution (see paragraph 5.1).

3.2.4 Distilled, detonized water.

3.3 Analysis.

3.3.1 Sodium thiosulfate solution, standard
0.1 N—For each llter of solutlon, dissolve
24.8 g of sodium thlosulfate (NAS,0, - 5H,0)
In distiiied water and add 0.01 g of anhydrous
sodlum carbonate (Na,CO,) and 0.4 ml of
chloroform (CHCI,) to stabliize. Mix thor-
oughly by shaklng or by aerating wlth nltro-
gen for approximately 15 minutes, and store
In a glass-stoppered glass bottle.

Standardize frequently as follows: Weigh
Into a 500-mil volumetric flask about 2 g of
potassium dichromate (K,Cr,0,) weighed
to the nearest milligram and dilute to the
500-ml mark with distllied H,O, Use di-
chromate which has been crystallized from
distilled water and oven-dried at 182°C to
139°C (360°F to 390°F). Dissolve approxi-
mately 3 g of potassium lodlde (KI) in 50 ml
of distilled water in a glass-stoppered, 600-ml
conical flask, then add 5 ml of 20-percent
hydrochloric acid solution. Pipette 50 ml of
the dichromate solution into this mixture.
Gently swirt the solutlon once and allow 1t
to stand In the dark for 5§ mlnutes. Dilute
the solutlon with 100 to 200 ml of distilled
water, washing down the sides of the flask
with part of the water. Swirl the solution
siowly and titrate with the thiosulfate solu-
tion until the solution Is llght yellow. Add
4 ml of starch solution and contlnue with a
slow titration with the thlosulfate until the
bright biue color has dlsappeared and only
the pale green coior of the chromic lon re-
mains. From this titratlon, calculate the ex-
act normality of the sodlum thlosulfate solu-
tion (see paragraph 5.2).

3.3.2 Sodium thiosulfate solution, standard
0.01 N—Plpetite 100 ml of the standard 0.1 N
thiosulfate solution into a voiumetric flask
and diiute to one liter with distilled water.

3.3.3 Starch {indicator solution—Suspend
10 g of soluble starch in 100 ml of distilled
water and add 15 g of potassium hydroxlde
pellets. Stir untii dissolved, dilute with £00
ml of distilled water, and let stand 1 hour.
Neutralize the v’ " with concentrated hy-
drochloric acld, uslng an indicator paper
similar to Alkacid test ribbon, then add 2 ml
of glacial acetic acld as a preservatlve.

Test for decomposltion by titrating 4 ml of
starch solutlon in 200 ml of distilled water
with 0.01 N lodine solutlon. If more than 4
drops of the 0.01 N lodine solutlon are re-
quired to obtain the blue color, make up &
fresh starch solutlon.

4. Procedure.

4.1 Sampling.

4.1.1 Ascembie the sampling train as shown
in Figure 11-1, connecting the five midget
impingers 1n series. Place 15 ml of 3 percent
hydrogen perox!de in the first impinger. Place
15 ml of the absorbing solution in each of
the next three Impingers, ieaving the fifth
dry. Place crushed ice around the lmpingers.
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Add more lcc during the run to kcep the
tamperature of the gascs leaving the last
inipinger at about 20°C (70°F), or less.

4.1.2 Purge the connecting line betwcen
the sampling vaive and the first implnger.
Connect the sample line to the train. Record
the initlal reading on the dry gas meter as
shown in Table 11-1.

!'_“"‘;& 1 Jia THRLSN LaRPu e Lot ERTEY WK R T

50T REQUIRTD

ONY SAI BETIN atgvioee 0 LUnLS PRELIUMZE DY
Figure 131, M28 gtampling 1rdin
TABLE 11-1—Field data
LOoSAtlon - czcmc e Comments:
19 LY R
Date oc-.-=- DR
Operator . ___.._.__._

Barometric pressure..

QGas volume Rotameter
Clock through setting, Lpm Meter
time meter (Va), (cubic feet temperature,
llterrs (c)ublc per minute) °CC(CF
eet

4.1.3 Open the flow control valve and ad-
Just the sampling rate to 1.13 liters per
minute (0.04 cfm). Read the meter temper-
ature cnd record on Table 11-1,

4.1.4 Continue sampling a minimum of 10
minuotes, If the yellow color of cadmium sul-
fidc s vislble In the third lmpinger, analysis
should contirm that thic applicable standard
has beer cxcceded. At the end of the sample
timc, close thc flow control valve and rcad
the final meter volume and temperature.

4.1.5 Disconnect the lmplnger traln from
the sampling llne. Purge the train with clean
amblent alr for 15 minutes to ensure that all

Title 40—Protection of Environment

H S is removed from thc hydrogen peroxide.
Canp thc open ends and move to the sample
clean-up area.

4.2 Sample recovery.

4.2.1 Plpette 50 ml of 0.01 N todlne solutlon
Into a 250-ml beaker. Add 50 ml of 10 percent
HCI to the solution, Mlx well.

4.2.2 Dlscard the contents of the hydrogen
peroxide impinger. Carefully transfer the con-
tents of the remaining four impingers to a
500-m1l lodlnc fiask.

4.23 Rinsc the four absorblng impilngers
and connecting glassware with three portions
of the acidified lodine solution. Use the en-
tire 100 ml of acldified lodine for this pur-
pose. Immedlately after pourlng the acidified
lodine Into an lmpinger, stopper 1t and shake
for a few moments before transferring the
rinse to the lodine flask. Do not transfer any
rinsc portion from one impinger to another;
transfer it dircctly to the lodine fitask, Once
acldified lodine solution has been poured into
any glassware containing cadmlum sulfide
sample, thc container must be tightly stop-
percd at all times cxcept when adding more
solution, and this must be done as quickly
and carefully as possible. After adding any
acidified iodine solutlon to the lodine fiask,
allow a few minutes for absorptlon of the H,8
Into the lodine before adding any further
rinses.

4.2.4 Follow thls rinse with two more rinses
using distilled water. Add the distllled water
rinses to the lodine flask. Stopper the flask
and shake well. Allow about 30 minutes for
absorptlon of the H,S Into the lodine, then
complete the analysis tltration.

Caution: Keep the lodine flask stoppered
except when adding sample or titrant.

4.2.5 Prepare a blank ln an lodine flask
using 45 ml of the absorbing solutlon, 50 ml
of 0.01 N lodine solution, and 50 ml of 10
percent HCl, Stopper the flask, shakec well
and analyze with the samples.

4.3 Analysis.

Note: Thls analysis titration should be
conducted at the sampling location in order
to prcvent loss of lodine from the sample.
Titration should never be made in direct
sunlight.

4.3.1 Titrate the solutlon in the flask with
0.01 N sodlum thlosulfate solution until the
solution 1s 1light yellow, Add 4 ml of the
starch Indicator solution and continue
titrating untll the blue color just disappears.

4.3.2 Titratc the blanks In the same man-
ner as the samples.
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5. Calculations. ;
5.1 Normality of the standard iodine solution.
NiVr

1 ARy
K= V; equation 11-1

where:
=normality of iodine, g-eq/liter.
V= volume of iodine ‘used, ml.
Nr=normality of sodium thiosulfate, g-eq/liter.
Vr=volunie of sodium thiosuifate used,
5.2 Normality of the standard thiosulfate 8.lulion.
w
Ng=aitt Vr equation 11-2
where:
W=weight of K,Cr,0; used, g.
Vr=volume of NayS;0; used ml.
Nr=normality of standard thiosulfate solution, g-eq/liter.
2.04=conversion factor

__(6 eq Iy/mole K,Cr,0y) (1,000 ml/l)
T (294.2 g K,Cry0;/mole) (10 aliquot factor).

5.3 Dry gas volume. Correet the sample volume measured by the dry gas meter to
standard eonditions [21°C(70°F)] and 760 mm (29.92 inches) Hg] by using equation 11-3.

T-:d Ph.r
Vinpa= P equation 11-3
where: .
Vim,.o= volume at standard conditions of gas sample through the dry gas meter,

standard liters (sef).
V,,.=vol(ume of gas sample through the dry gas meter (ineter conditions), liters
cul it
T,.q=absolute temperature at standard conditions, 294°K (530°R).
T..=average dry gas meter temperature, °K (°R).
P.,,,—baromemc pressure at the orifice meter, mm Hg (in. Hg).
P,.4=nbsolute pressure at standard conditions, 760 mm Hg (29 92 in. Hg).~
5.4 Concentration of H,S.—Caleulate the coneentration of H,S in the gas stream at
standard eonditions using equation 11-4:

K{(VINi=V N r)omote—= (ViN1 =V N r)biaot]

Cyys= 7

Mytd
whete (metrie units):
Cr,s=conecentration of H,S at standard eonditions, mg/dsem
K =:=conversion factor=17.0X 10?

(34 07 g/mole H;S)(1,000 1/m?)(1,000 mg/g)
(1,000 m1/1)(2,S eq/mole)

Vy=volume of standaid iodine solution, ml.

N;=normality of standard iodine solution, g-eq/liter.

Vr=voluine of standard sodiuin thiosulfate solution, ml.

Nr=normality of standard sodium thiosulfate solution, g-eq/liter.
Vin,.a=dry gas volume at standard conditions, liters.

where (English units):

17.0(15.43 gr/g)

K=0.263=———(1'000 Ty

Vg g =sef.

ans = gr/dscf.
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61.63 Stack sampling.
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61.50
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Method 101-—Reference method for determi-
nation of particulate and gaseous mercury
emissions from stationary sources (air
streams).

Method 102-——Reference method for determi-
nation of particulate and gaseous mercury
emlissions from stationary sources (hydro-
gen streams).

Method 103-—Berylllum screening method.

Msthod 104—Reference method for determi-
nation of beryliium emissions from sta-
tionary sources.

AvuTHORITY: 42 U.S.C. 1857¢c-7.

Sovurce: 38 FR 8828, Apr. 6, 1973, unless
otherwise noted.

Subpart A—General Provisions
§ 61.01 Applicability.

The provisions of this part apply to
the owner or operator of any stationary
source for which a standard 1s prescribed
under this part.

§ 61.02 Definitions.

As used in this part, all terms not de-
fined herein shall have the meaning given
them in the act:

(a) “Act” means the Clean Air Act (42
U.8.C. 1857 et seq.) .

(b) “Administrator” means the Ad-
ministrator of the Environmental Pro-
tection Agency or his authorized repre-
sentative.

(c) “Alternative method” means any
method of sampling and anaiyzing for
an air pollutant which is not a reference
method or an equivalent method but
which has been demonstrated to the
Administrator’s satisfaction to produce,
in specific cases, results adequate for
his determination of compliance.

(d) “Commenced” means that an own-
er or operator has undertaken a con-
tinuous program of construction or
modification or that an owner or operator
has entered into a contractual obligation
to undertake and compiete, within a rea-
sonabie time, & continuous program of
construction or modification.
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* A To a sowree whicl is presently in complignes with
paragtapir (d) | ol this secuon and which las catthied
soche complianee 1o the Commissioner by fone 1. 1974
Ihe Cennulssioner may request whatever intornation he
considers necessary for propae certitization,

{B) To a sonree whose owner ar operitor subinits 1o
thie Conuissioner by June 1, 1974 a proposed altenitive
schedute. No osuch sehedule may  provide for comnpliomee
after May 31, 14977141 promulgited by the Comniissioner,
sich senedule “shall satisly the reguirenients ol this” pari
graph for the aftected sonree.

(¢) Drv Cleaning Operation:

(V) No person shall onerate a dry ¢leaning operation
using other  than pechloroetiiylene, 1, 1, 1-tri-
cldoroethane, or swanned falogenated hydrocarbons un-
less the urcontrolled oreanic cntissions from such opera-
toen are redpeed at teast 88 percent: provided it diy
cleaing operations cmitting less than three pones per
liom and less than 1S pounds per day ol nacontroiled
otgatic materials dre exempt Gone the requirenient of tuis
seuiiog.

(2 1f ncineration is used as a control technique, 90
percent or more of the carbon in the orgmic enussions
being meinerated st be oxidized to carbou dinxide.

() Any owner or aperator of a souree subject 1o this
sectiont shall achieve compliance witle the requivements of
pacagraple (1) 1 ol this section by discontinning the nse
ot phiotocheniically reactive solvents no later tan Apnl 1,
1074, or by controlling emizsions as required by par-
araphs (1) and (21 of tns section no later thim May 31,
1975S.

(1) Orgaviis Solvenes:

t1) No person shall discliarge o the atmosphere
more tam 15 pounds of phiotochemically teactive solvents
in any oue day, no more thian 3 pounds in any oae lour,
from any article, nachine, equipment or ot corndri-
watice, tnless the nncontrolled orgimic endssions aee re-
duced by at feast 85 pereent.

(2) No peeson shielb discharee iato the sono-phere
more than 40 pounds of non photadhieineally peactive
sotvents oy o day, nor ore than S poonds iy aoy
one hour, trom any nticle. maclune, equuptinert on sether

Copyrig! 1978 Yo Tlay O

e o Natienal Alhe e

contrivanve, unless the wncontrofled orzanie eonissims arc |
reduced by at teast XS percent. Dev cleasens npaiations
are exenpt from the requivements o the ponaviagph. A

(2) Punps and Coangressers, All pipe. et comnress
sois andhime volatile srganic comgounds sedl luave
iechameal seals or other eqaivalert cquipnient approved
by the Conranissioner.

() Waste Gas Disposel from Etliylene Producing Plans,
No person shali cause, sitter, or allov the cmission ol u
waste was stream om any ethylene prodacing plant, or
source utilizing cthyvlene s o raw naterial, it the
atmosphivie in excess ol 20 pounds per 24 hour period,
miess the waste s stream is properky burned 1 1,300
tlegrees Lalirenheit for 0.3 of a second or longet in 3
direct-1lome alter-bunner, or is removed by @ method of
compacable elticiency approved by the Conmissiones

Ay Waste Gas Disposal frowe Vapor Blow-Doswsr Sostent,
No person shall emit hiyvdeacubon cuses o the atmo-
spliere from a vapor blow-danwn sy sten, unless these gases
are burned by simokeless thares, o1 an equally clbective
control device epproved by the Conmisaicaer, but this
cibection shall not appiv 10 accidental or emergeney
ertissions ol hydrocarbans aceded Tor sake operation of
cquipment and puocesses. 4

»

Section 8 2: 708 FUFL-BURNING PARTICULATE FAMIS-

SHON,

No person shall canse. sufter. or allow 1o be emitted
into the outdoor mosplicie from any fuzl-bnemimg equip-
mentoor promises of W pass frony g stack, particnlafe
matter w tue cses wineh exeeeds 0,03 pownnds p&
1.600.000 BT Ul hear inpit for instalkations nsina less
thau 3500000 B L per honr ot mpat. For wstalla-
tiogis msing maore tan 3360000 B per o total
input. the particntate eaission: limitation shali decrease
e vate ol hieat wepat ineee e, secerdimg o the seales in
Fieure Noo Lo contnned Tiersantes i Appendix No, 1.

.

Section 82:700 INCINER VTORS
() Ninele Clunber aud i fae-ed Incinerators. The use
of smzte chanther wind Moe-iad inzcinerators & prohibited.

Tor, » 3!
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applicabie air polhdtion standards, regulations, and laws,
Monitoring imformation shall be supplied as the Conimis.
stoner may require in accordance with subsection (i) of
this section.

() Prohibited Devices. Ne person shall install or use
any article, wachine, equipment, device, or other con
trivance which conceals an emission from any source.

Scetion 8-2:718 SAMPLING, TESTS, AND MEASURL:

MENTS :

(1) General. The Commissioner may conduct or cinse
to be conducted, or require an owner or operator 1o
conduct, tosts of emission of air pollutants trom ans
source. Upon request to the Commissioner, the person
respunsible "Tor the source to be tested shall provide
necessary holes in stacks or ducts and such other safe and
praper sampling und testing Tacilities s may be necessy
for proper detennination ol the emission of air pollutants.
The Comnnissioner may take or cause ta be taken smples
of tuel by any appropriate means, in such quantities as he
fecls are necessary for purposes of detennining compli-
ance with this regalation,

{b) Pariictdate Mat:er. Stack tests for particulite mat-
ter shall be nndertaken by generally recognized standiirds
oi methods  of measurcinent. Methods tound in the
Amwerican beaety of Moctinical Engineers Test Code for
st Separating Appuates, PTC 2119410, the Americay/
Society of Mechanical Eagineers Test Code for Determin-
g Dust Concentration in Gus Streams, PTC 27-1957, and
the Los Angeles County California Source Testing Manual

shall be used, but such methods muay be modihed or
adjusted by the Commissioner 1o suit specific sampling
conditions or nceds based upon good practice, judgment,
and cxperience.

(¢) Sulfur. The method for determiining the sulfur
conteut of fuel oil shall be that described in the Americun
Society for Testing and Muterials publication, D-129-64,
“Standard Mcthod of Test for Sulfur in Petroleum Prod-
nets and Lnbrications by the Bomb Method.”” The metls-
ad for determining the sulfur content of coal shall be that
desenibed in the American Society Tor Testiug and Materi
als - publication, D-271-64, ~Laboratory  Sumpling  and
Analysis of Coul aud Coke.” Equivalent methods may be
approved by the Commissioner.

(d) Visible Emissions. The Ringelmann Smoke Chan
published wind desenibed 1n the United Stiates Burean of
Mines Inlonuation Civeular 8333, or anv other chart,
record, indicator or device approved by the Conmmissioner
for the measurement of plume density shall be used in
deteaminiug the giade of shade or opucity of visible air
contaninition eniissions.

(c) Odor.

(1) Odor meusurements shall be made with a scento-
meter, such as that munulactured by the BarnebyCheney
Company, or by any device approved by the” Comunis-
sioner as ane eftective istrument in the Letection ot odor.

(2) The odor strength as dewected by the Barnebey-
Cheney Scentometer s that numiber  corresponding to
the waxhnum dilution when an odor i perceived an the
fotlowing basis:

Number Odor~Bearing Air Odor-Free Alr
1 1 part to 1 part
2 1 part to 2 parts
3 1 part to § parts
4 1 part to 32 parts
5 1 part to 128 parts

(D) vailability of Puliications. The publications cited
in this section shall be kept on file at the office of the
Ditector ot tiie Departnent of EFovironmentat Services
and shall be available for public inspection.

Section 8-2:749. LMERGUNCIES.

() Fstablishment of Forergeney Fpisode Plin

(D) The Coanuissioner shall after notice ol not less
thun 30 days in the Distner Register and pubhic hearing in
accordance with secnon SG(3) of the Act, estiablish snch
procedures as may be necessary to enable him, acting
alone, or with wr pollution control agencies ot sur
rounding juisdictions, to etfectively  deal with an an
poliion cmergeney. The plan and any awen baents
tharer s sttt be sutmitted to the Disteict o Cchabia
Counal d shell por aake eftect nnless appioved by
tesolittion of the Cenncil, “The plan shall Be denoninated
e UTmargency Fprods Plan™ shadl be kept on Dle Iy
the Commsiorar o shait be avaituble tor public inspee

(2) Declaration of an Fpisode Stace. Whenever the
Commissiover finds an emeigeacy  exists iequiing ime
mediate action to protect the public health ow v clfare,
the Commissioner mav, withour notice or haaring, issue
an onder reciting the busis tor the exisienze ! such
cmergency. the episode siage at which the cmoigency
exists, and requiring that sach actian be 1aken ac iy
neeessiry to mieet the emagency. Until sulsaaction (a) (1)
is Tultilled the Commissioner may deckive an episods stage
bused  solely on deterionating wir aqualits . where such
action i3 necessary  to protect the poblic heatth and
weltare,

(3) Iudividual Abatewment Plan. The Commssioner may
requite tie owner or operater of o source of s pailution
to prepane aowritten plan for redhiemy die comssion of an
poltution daving an epizade stage according to e euide-
lines set fortle in the Finergeney 4 pisode 'l

AL Such plin sl identity the sowmee of i patlutants,
ad contain w baiel deseription o the naaer 1 wihich

the teductom wall be selneved dimmy cach sprewt aaee.

Foroovanmnnt Sepoita 39
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PARTICULATE, MOISTURE, FUEL & GAS DATA

N ; :
Project: AAF-511 Boiler #: 5
Location: Bolling AFB DC Date: 6 May 1975
Test: #1
A, Particulate: Total Gain_74.58 mg
1. Filter_#79 Initial Wt .6784 Final Wt .72669 Gain 48.29
2. Acetone Rinse, Front Half
Initial Wt 10.28629 Final Wt10.31258 Gain 26.29 mg
3. Acetone Rinse, Back Half
Initial Wt Final Wt Gain
B. Moisture Total Gain 87.7 8
1. Impinger 1 - Initial Wt 643.4 Final Wt747.9 Gain 104.5
2. Impinger 2 - Initial Wt 598.1 Final Wt559.5 Gain (38.6)
3. Impinger 3 - Initial Wt 476.9 Final Wt479.9 Gain 3.0
b 4. Impinger 4 - Initial Wt 710.-6 Fina) wt728.8 Gain 18.2
Sr——drrpinger—S——7trrrtra e et Sy
C CcO, 0O, coO Time
5.0 12.8 0.0 1153
4.6 12.4 0.0 1220
4.8 12.6 0.0 1245
4.8 12.8 0.0 1300
R 5.0 13.8 0.0 1335
4.6 14.2 0.0 1345
4.2 14.0 0.0 1410
Avg: 4.7 1823 0.0
D. Fuel Consumption:....... B0 008, e et B it 1046 1bs/hr
#4 Fuel 0il Type
Engincer_ _ Capt M. L. Sweigart

Technician Sgt Conway

Table C-1 (Cont)
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PARTICULATE, MOISTURE, FUEL & GAS DATA

Project:  AAF-511 Boiler ji: 5
Location: Bolling AFB DC Date: 6 May 1975
Test: #2
A, Particulate: Total Gain 70.01 mg
1. TFilter_#78 Initial Wt _-T0169 Final Wt _-T337T5 Gain 32.15

2. Acetone Rinse, Front Half

Initial Wt 9.90979 Final Wt 9.94765 Gain_37.86

3. Acetone Rinse, Back Half

Initial Wt Final Wt Gain

B. Moisture Total Gain T3.5

g

Impinger 1 - Initial Wt 584.5 Final Wt 481.5 Gain (103.0)
Initial Wt 602.1 Final Wt 757.8 Gain155.7
Initial Wt ¥72-6 Final wt %76-9  Gain 1.3
Initial Wt 653.9 Final Wt 670.4 Gain 16.5

B e T o T -

Impinger 2

1.
2,
3. Impinger 3
4.

Impinger 4

C. COZ O, cO Time
‘ 32 5.6 0.0 1600
3.2 15.4 0.0 1605
4.8 1k4.2 0.0 1630
L2 146 0.0 | 1645
4.2 150 0.0 Lri5
Avg: 3.92 14.96 0.0
B Bt Consutnpllons. « s sam6s 8 sesas §aea s 5o ) 1023 ibs/hr
#4 o0il Type

Enwsincer Capt M. L. Sweigart

Technician Sgt W. Conway

TABLE C-2 (Cont)
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PARTICULATE, MOISTURE, FUEL & GAS DATA

Projcé:t: AAF-511 boiler {: 5
Location: Bolling AFB Date: 7 May 1975
Test: g2
A. Particulate: Total Gain  112.79 mg

1. Filter g, Initial Wt g9309 Final Wt , 72566 Gain_72,68
2. Acetone Rinse, I'ront Half

Initial Wt10.27211 Final Wt10.31222 Gain 40.11 mg

3. Acetone Rinse, Back Half

Initial Wt Final Wt Gain
B. Moisture Total Gain 57.8 &
1. Tinpinger 1 - Initial Wtgz5,5 Final Wtee2.8 Gain 3'7,3
2 Impinger 2 - Initial Wt359.5 Final Wt563.8 Gain 4.3
3. Impinger 3 - Initial Wt467.3 Final Wt 470.5 Gain 3.2
4. Impinger 4 - Initial Wt689.5 Final Wt702.2 Gain 13.0
5 Impinger 5 - Initial Wt Final Wt Gain
(& CO, O, CcO Time
4.8 14.2 0700
4.2 15..2 0725
4.6 13.4 0745
5.0 13.8 ‘ 0750
S 13.8 ' 0815
5.0 13.4 0830
4.4 13.8 | 0845
Avg:  4.75 13.94 0.0
D, Faelk Consmemptions: s s« soh 5 4 a6 @ &0 o @ s s o 1056 1bs/hr
#4 oil Type

Engincer Capt M. L. Sweigart

Technician Sgt Conway

TABLE C-3 (Cont)
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PARTICULATE, MOISTURE, FULL & GAS DATA

Project: AAF-511 Boijler #i: 5
Location:__pojling aFB ____ _ Date: 7 may 1975
Test: 34 B
A, Particulate: Total Gain 83.98 mg
1. Filter_ #2 Initial Wt .69136g Final Wt .74051 Gain 49.15

2. Acetone Rinse, Frount Half

Initial Wt10.41029 Final Wt10.44512 Gain 34.83 mg

3. Acetone Rinse, Back Half

Initial Wt Final Wt Gain
B. Moisture Total Gain 70.0 g
1. Impinger 1 - Initial Wt645.5 I'inal Wt679.8 Gain 34.3
2. Impinger 2 - Initial Wtelg.g8 I'inal Wtea7.¢ Gain 311.0
3. Impinger 3 - Initial Wt434.3 Final Wt 437.9 Gain 3.6
4. Impinger 4 - Initial Wt652.8 Final Wt673.9 Gain 21.1
5. Impinger 5 - Initial Wt Final Wt Gain
C. CO, O, CcO Time
3.4 14.8 1135
4.0 14.6 1155
4.0 14.8 1215
4.0 15.2 . 1250
3.8 14.6 1310
3.6 14.8 1320
Avg: 3.8 14.8
Dl  Fudl COnSnhiliomif: - oo o ems = bobe6 B raee & e & - 957 1bs/hr
#4 o0il Type
Engincex Capt M. Sweigart

Technician  sqt W. Conway

TABLE C-4 (Cont)



§-0 HTIVYL

THA/dV ud0/af/Wdva/€L 320 paaoaday

$8°2804 5280
8L S6¢c [43%] 12174 0€ °LL0Y 0L°0 80°0 086 0] S180 Gty
8L S6¢ ces 8vs 0c°2L04d 0L°0 80°0 086 0 S080 it .
8L Sec peES 8vs 00°0L09 80°0 10°0 086 0 SSL0 01
8L S6c (4%} 8vs 00°0909 c9°¢C og-0 086 0 SPLO 6
8L S6c zEeS LYS 00°050g €9 ¢ 0e-0 086 0] SELO 8
8L S6c ogs [44°] 5970707 1¢°¢ sZ°0 095 0 SZL0 L - ¥ 3x0d
8L Sé6c o€s ops 00°£€0q oL°1 0270 086 0 £€1L0 9
€8 1] Y4 9zs 8vs 0€°920¢ 01 PT°0 086 0] €0L0 S
€8 S6c 144°) (474 S§6°2207 9z°0 €0°0 096 0 £590 14
SL Soc [4 4] orS 067t 10 (o) 4 vc O [0)°] 1 0 t 90 €
(074 {14 0cs ttS 06°¢00 097°¢ 0e70 096 0 £€90 4
09 | oS6¢C 025 02S | OV 7661 o 9270 0v6 0 €290 T - g 3xod
‘dwa 1, IBPINO ja1u] | swnpop| sanssaag aan) | aansssag 1aquny
Feliic) xog stdweg| -1qg pesaH -exadwa J, onelg awn g, jutog
138utduwy| sjdweg | dwa ] 1933 Sen sen 921J110 L310019 A Moelg Burdureg 9SJ9ABA]T,
UOT}039g SS04D) MBS JO dRWAYDG Z88L°0 0D
v6£6°0 WO/MD
o¥g'0 do _si
5 _OTX9T9°L ®3aV 3[ZZ0N WL p2 ST = 4 c *ON XOog 19319
umTIpaW  YyjBuar aqoag "z  'oN xog srdueg
st | o) E =3 .
110 8umiag 199ea 2qoad WL p|v dD P 0€TS g4y butirog aseg
o00€ 8umnijag xog aareay butjesH -g-D jueld
dA"d=H
bL B¢ -ssaag ormyowoaeyg SL6T TTAdY 8 are(q
4,09 -dws jusiquy SNOILVNOT § -oyuny

LAFHS V.LVA DONI'TdAVS dJLVINOILYVd

[Vg}
'
(]



PARTICULATE, MOISTURE, FUEL & GAS DATA

Project: aaF-511 Boiler #: g
Location: Bolling AFB Date: 8 May 1975
Test: #5
A. Particulate: Total Gain _ 121.05 mg
1. Filter #3 Initial Wt .71524 Final Wt 180196 ' Gain 86.72mg

2. Acetone Rinse, Iront Half

Initial Wt 10.29476 F'inal Wt 10.32909 Gain 34.33

3." Acetone Rinse, Back Half

Initial Wt Final Wt Gain
B. Moisture Total Gain 128.55 g
Impinger 1 - Initial Wt 662.8 Final Wt 733.5 Gain 70.7
2. Impinger 2 - Initial Wt 563.8 Final Wt 593.3 Gain_29.5
3. Impinger 3 - Initial Wt470.5 Final Wt 476.1 Gain_ 5.6
Impinger 4 - Initial Wt 702.2 Final Wt 724.95 Gain_ 22.75
5. Impinger 5 ~ Initial Wt Final Wt Gain
(B co, 0O, CcO Time
5152 11.4 0.0 0623
7.0 11.0 0.0 0642
7.0 11.0 0.0 0700
7.0 11.0 0.0 0715
6.8 14y, 2 0.0 0730
6.8 11.4 0.0 0800
6.0 11.0 0.0 0815
Avg: _ 6.77 11.14 0.0
D. Fuel Consumplion:. s v e v ooecscoansssanessgesss * 2096 lbs/hr
#4 0il Type

Engincer_ capt M. Sweigart

Technician Sgt W. Conway

TABLE C-5 (Cont)
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PARTICULATE, MOISTURE, FUEL & GAS DATA

Projecct: aap-511 Doiler ##: =
Location:_Bolling AFB Date:_ g8 May 1975
Test;  #6
A, Particulate: Total Gain 117.52 mg
1. FIilier #4 Initial Wt .69966g Final Wt .77997 Gain 80.31

2. Acetone Rinse, Front Half
Initial Wt9.92188 Final Wt 9.95909 Gain_ 37.21lmg

3. Acetone Rinse, Back Hall

Initial Wt Final Wt Ga'm-
B. Moisture . Total Gain 117.2 g
1. Impinger 1 - Initial Wt 679.8 Final Wt 745.0 Gain 5,2
2. Impinger 2 - Initial Wt 627-8 Final Wt 653-8 Gain 26.0
3. Impinger 3 - Initial Wt 437.9 Final Wt 442.7 Gain 4.8
4. Impinger 4 - Initial Wt 673.9 Final Wt 695.1 Gain_ 21.2
5. Impinger 5 - Initial Wt Final Wt Gain
C. CO, O, coO Fime
7.6 11.4 Q.0 1030
. 7.6 11.4 0.0 1035
6.8 13.0 0.0 1045
5.8 13.0 0.0 - 1100
Avg:  6.75 12.0 0.0
i Pusll COnSurrellons: « vn - ofes 606 & B oSt & B e - 2069 1bs/hr
#4 0il Type

Engincer Capt M. Sweigart

Technician Sgt W. Conway

TABLE C-6 (Cont)



Base Bolling AFB

AIR POLLUTION

SOURCE SAMPLING

Data Sheet 1 -

Preliminary Data

Date(s) 5 - 9 May 1975

Boiler Type § Make

Bldg No.

Sampling

Titusville 1941

18

Boiler No. 5

Team USAFEHL-McClellan AFB

Rated Capacity Calculated rated capacity = 44 MBTU/hr

Type Fuel #4 fuel oil; 143,000 BTU/gal

Stack Geometry

Circular Stack: Wall thickness

Inside diameter 49%"

Distance from outside of sampling port to inside diameter 5"

Stack area 13,36ftﬁumber Traverses 2

No Points/Traverse 6

Location of sampling points along traverse:

Point % of Diam

Distance from

Outer end of Nipple SKETCH
6 4.4 2.17+5 = 7.17
5 14.7 7.28+45 = 12.28
4 29.5 14.60+5 = 19.60 ot Ik ‘
3 70.5 34.90+5 = 29.90 f?
7 85.3 42.20+5 = 47.20 e 4_ LT,
1 95.6 47.32+5 = 52.32
4
r

Port B

Rectangular duct:

Sketch and show dimensions:

c-7
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115 Hahn Street e Elmvhurst, Hlinois 6'0'726 ° (312) 832-5658

June 19, 19,

-Washington Area Procurement Center
Department of the Air Forcea
Andrews Air Force Base
Washington, D. C, 20331

Attention: T.Sgt. Edgar Sam, LGPPAB

SUBJECT: Boiler Emission Tests
Bolling Air Force Base, Buildinag 18

PDL Project G-7003, report #G7003-1F
Contract #rF49624-r4-90180

Gentliemen:

Introduction

Stack emission tests were performed on the Bolling Air Force
Base heating plant boilers during the period of June 11 and June 12,
1274 to determine the effluent quality. Tests were performed to
decermine stack gas: '

1. Temperature, velocity and volume flow
Moisture

Particulate concentration and emission rate
CO> and 02 content by Orsat

Nitrogen oxide emissions rates

Sulfur oxides emission rates

Unburnt hydrocarbon emissions as methane
Carbon monoxida enission rates

Ald=hyde emission rates

VLoONOALId WN
.

@
The purpose of the tects was to determine emission characteristi
to enable Bolling Air Force Puse personnel to assess complianca with
District of Columbia Air Pollution codes.

.

Stack enission tests were performed by Meryl R, Jackson and Larrx
Goldfine of Particle Data Lzkorotories, ILtd. Operation of the boiler
was periormed by Bolling RT3 personnel, Heating rate data was provié

by Bolling AFB- parsonnel,

Stack emiscion testins “ollowed all the recognized criteria
(Reference 1l). The report contains an outline summary of the test
procedure ond test findines, Measured emission rate 1s compared to
District of Columbia Air Pollution Code levels.

D-1
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PARTICLE DATA LABDRATORIES, L7D. s

Attached as Appendices are complete details of all test and
analytical procedures, calibration data, field test data sheets,
and calculation summaries.

Description of Boilers

Boilers #5 and #6 are oil fired units burning #6 fuel. Both
hoilers have induced draft fans.

Summary of Test Procedures

Each of the 2 tapered stacks was tested at roof level at
approximately 1% diameters down from the top of the stack. Two ports
one on each of two mutuallv perpendicular diameters, were used for
testing.

Each boiler was subjected to three test repetitions during which
time the boiler was maintained under normal operatina conditions. It
was decided by Bolling AFB personnel to operate the boilers at the
demand load, and not to raise the load artificially by venting steam.

- Bach test repetition consisced of:

A.” One integrated particulate sample

. Two 20 minute SOy samples

. Four grab NO, samples

. Two integrated gas samples analyzed for CO, and 03 by Orsat
and CO and hydrocarbons by gas chromatography.

cow

Stack particulate tests were performed by sampling at a number a
points on each of the two diameters. Samplinag was performed at each
point for 5 minutes. The selection of sampling points was made in
accordance with the criteria of Neference 1, as reproduced in, ,
Appendix 2.

Stack gas velocity and temparature were determined using S type
pitot tubes and themocouple. Volume flow rates were determinad bv '
geomatry. The volume flow rate was determined in accordance with the
criteria of Reference 1, as reproduced in Appendix B.

Particulate testing was conducted using Western Precivitation,
Joy Division, EPA Sampling Trains which conform to U.S. PHS recouirems
Testing, sample analysis and data reduction followed criteria of
Reference 1 as reproduced in Appendix C. Particulate catch included
nozzle, probe and prefilter glassware washings and filter particulats
Stack gas integrated samples were taken for 'COp and 02 Orsat analysis
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Prior to shipping the ecuipment, the follow1ng 1tems were
checked for calibration:

A. The "s" pitot tube mounted on the probe, but without the
nozzle, .

B. The dry test.meters for both the particulate and SOx samplizn
' trains. -

C. The calibrated orifice of the particulate train.
Calibration data are shown in Appendix D.

Integrated stack gas samples for determination of SO, and SO; we!
taken using midget impingers containing 80% isopropyl alcohol and 33 !
hydrogen peroxide as outlined in Reference 1 and reproduced in
Appendix E, N

Grab stack gas samples were taken using 2 liter evacuated flasks
for determination of nitrogen oxides as outlined in Reference 1 and
reproduced in Appendix F.

Integrated gas samples were collected for analysis of carbon
monoxide and hydrocarbons as outlined in Reference 2 and reproduced :
Appendik G. Datection of #lcdehydes was performed by gas cnrowatogra"
using a Chromasorb 102 column for separation of the aldehydes.

Particulate field test data sheets including condensate and
particulate data and the calculation summaries are included in
Appendix H. A single averaged gas meter temperature is provided by
the Western Precipitation equipment used. This was recorded on the
data sheets., Orsat data are included on these sheets.

The SO3 and S©3 analysis and emission aata are included in.
Appendix I.

0\
The NOy analysis anhd emissionin data are included in Appendix J.
Carbon monoxida emission data are included in Appendix K.

Tect data for total h"d*ocarbons, expressed as méthane, are
included in Appendix L.

Nomenclature is gl'en in App=andix M.

Heat Input Data

0il flow meter readirgs were recorded hourly by Bolling AFB
pargonn2l, A BTU spscificaticn of 147,300 BTU/7ral. was usad to
cormpute heat input rates, :
n-3
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Discussion of Test I'indings

The results of this test series are summarized in Table 1.
Enission rates are expressed in 1b/MBTU for particulates, 1lb/hr.
for sulfur dioxide, 1lb/MBTU for nitrogen oxides and aldehydes,
and parts per million for carbon monoxide and hydrocarbons.

These emission rales are compared with District of Columbia
Codes in Table 2 and show non-compliance with codes with respect
to particulates (Rule 8-2:708). Sulfur oxide emissions are not
subject to emission control regulations (Rule 8-2:704);: however,
the fuel must contain less than 1% by weight sulfur. Nitrogen
oxide emissions are subject to control regulations only for boilers
of input rating in excess of 100 MBTU/hr. (Rule 8-2: 706). The
boilers tested have capacities cf less than this value and are
therefore not subject to code requlations. i

Unburnt hydrocarbons emissions measured as methane were
detacted at concentrations of 4 p.p.m., corresponding to approxi-
mately 0.15 1lb/hr. emission rate. District of Columbia does not
have codes limiting the emission of hydrocarbons from fuel burning
equipiment. Aldehyde concentrations were below the 1 p.p.m. limit
of detection, which corresronds to approximately 0.12 1lb/hr. emission
rate,

Carbon monoxide emissions were measured as less than 5 p.p.m. on
all samples collected. The District of Columbia does not publish
codes relating to carbon monoxide emissions from boilers.

Discussion of Boiler Operation and Control

The data show that the boilers tested are in vioclation of
District ol “tbtunbrt-cnﬁ:s:nxtu_;gipnc* To parcicurateenmissivhs
ohiv. LIt 1s our ex per*enca that oil fiFearoirerz—ywtmttar—to Ehose
TosFed should not be in violatioca of codes, if funetioning cérrectly.
The following factors support our conclusion that the boilers were
not functioning in an optimum manner during the test periods.

1. Visible - -emissions were detected from Boiler %5.

2, Carbon dioxide levels are near 3% in the stack. This

indicates a high excess air ratio due to laraue volume of

air leakage -either into the combustion chamber or into the
bresaching ahl stack system. Since the stack-gas temperature
are near 400°F., it is easily calculated that the boilers ar
operating at greatly reduced thermal efficiencies. If_the 2
leallage is into the combustion chamber, it would be exp2acted
rhatmcoxbu stion orf1c3hPCy would be _poox ,“ghu" chVLc1nj
ermjssions high in particulates. This is likelv to be tn
case_since the ore°chﬂg _appeared to be mechanically sovid
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on

Soot balls were ejectcd bv Boiler #6 during start-up
indicating a build vp of particulate deposits on the
tubes' and elsewhere in the system,

The collected particulate were carbonoceous as evidenced

by their matt black appearance. If combustion had been
efficient and the particulate affluent caused by a high

ash fuel. the collected particulate would have been lighter
in appearance,

the basis of these feactors, we believe the emissions from the

boilars

may be brought into compliance by improving burner efficiency

and not by adding partlculate emission control eguipment. Factors to

consider in optimizing the burners will Fe:

1. Excess air in combustion chamber due to induced fan operatio:
2. Inability of oil burners to modulate below about 20% fuel
_input rate.
3. The burner efficiency of the two boilers is different as
Jdndicated by the test results. Since both burners are
) nominally identical, this difference may be important in
3 indicating some of the sources of poor operation of the
burpers.

Recommendations

it is recommended the following actions be taken to achieve
cowpliance with District of Columbia air pollution codes.

1.
2.

Optimize burner efficiency.

Perform preliminary tests to show the degree of improvement
in efficiency and to aid optimization. This will %ﬂprove
thermal efficiency of the boilers.

Evaluate the need for the ID fans.

Clean the boilers prior to the official compliance test.

Pe-perform a full compliance test for particulate emissions.

Particle Data Laboratories has the capabilities toc perform thase
functions and would be kgen to assist in this necessary further work.
In addition, it is recommended a thermal efficiency test bhe performed
cn each boiler to indicate the further improvement which may be made
in this area.

D-5



PARTICLE DATA LABORATORISS, LTD.

Conclusions

Emission tests have been performed on Boilers #5 and #6 at
Bolling ATFB to assess emission gquality. Particulate emissions
fail to comply with District of Columbia air pollution regulations.
Recommendations have been made for action to correct this deficiency.

Observations indicate the boilers are probably operating at wvery
low thermal efficiency which could be ungraded by process optimizatio:

Particle Data Laboratories is pleased to have been of service to
Bolling Air Force Base and look forward to further opportunities to b:
of service.

Respectfully submitted,

PARTICLE DATA LABORATORIES, L

DA O

Meryl R. Jackson
President

Enclosures

Al
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* % I’}_I}IJ }"‘: l

Summary of Emission Data

Boiler # 5 6
Particulates A5 7 .161
Emission Rate s s 150
1b/MBTU 2 LS 136
Average .175 149
Sulfur Dioxide 14,078 23.815
1b/hrx : 15,846 31,779
17.250 20,397
18,322 21.347
25.935 16,382
23,292 12.327
Average 19,121 15,008
Nitrogen .250 194
Oxide +191 198
lb/hr .057 203
R 187 189
.260 198
.188 144
.185 086
.116 175
.209 139
;262 187
.090 198
.218 141
Average ) 0.184 0.171
Hydrocarbons 4 5 .-
as methane p.p.m. 5 - 5
5 4
4 =
4 4
4 4
Avarage <4 4
Aldehydes p.p.m, <1 <]
Carbon Monoxide p.p.m. <5 <5
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TABLE 2

Comparison of Emission Rates with Code Levels

varticulates
Boiler =5

Boliter +6

Sulfur Dinxide
Boiler £5

Boilex #6

Mitrogen Oxide
.Qpiler #5

Boiler #6

Unburnt Hydrocarbons

Averaged Heat

Allowable

Boller #5
Boiler $£6

AlGehydes 3
Boiler #5

Boller 6

Carbon Monoxide
Boiler 5

Boiler #6

Emission Rate Input Rate Emission Rat
4
.157 1b/MBTU 16.940 MBTU/hx .080 1b/MBTL
e 16,301 .091
<191 15.123 .092
.161 16.350 .090
.150 17.038 .090
+ 136 16.940 .090
19,121 1b/hr No codes on emission, howaver
code 8-2:704 prohibits use oi
19,008 1b/hr 0il having sulfur contents ir
excess of 1% by weight,
0.184 1b/MBTU No codes on emissions for boi
of input capacity less than
0.171 1b/MBTU 100 MBTU/hr (8-2:706).
4 p.p.m. No code on emissions from boi
4 p.pa.m,
<l PeB«Re No ccdes on emissions of
aldehydes from boilers.
<l P.p.mi
<5 Dy Pl No codes on emissions of cari
monocxide from boilers.
€D PP
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-

Fedcral Reqis;ér 36, #247, Part 11, December 23, 1971,

Measurcem2nt of Carbon Monoxide ATP-2, Illinois EPA

(Nov, 1972),

Sample and Velocity Traverses for Stationary Sources.

Determination of Stack Gas Velocity.

Determination of Particulate Emissions from Stationary
Sources. .

Equipment Calibration Data.

Determination of Sulfur Dioxide Emissions from Stationa:
Sources.

Determination of Nitrxogen Oxide Emissions from Statjona:
Sources.,

_ Measurement Methods for Carbon Monoxide.

Particulate Field Test Data Sheets.
Sulfur Oxide Test Data.

Nitrogen Oxide Test Data.

Carben Monoxide Test Data.
Hydrocarbon Test Data. &

Nomenclature.
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